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PETITIONER INFORMATION
Executive Summary

The Missoula City-County Healt+h Department is petitioning
the EPA to designate the Missoula Aquifer a "Sole Source
Aquifer" as provided for In the Federal Safe Drinking Water
Act Amendments of 1986.

The Missoula Health Department is an agency supported and
funded by the City and County of Missoula., The Environmen-
tal Health Division Is responsibie for preventling environ-
mental damage and degradation.

Linda Hedstrom, Director of Environmental Health, is the
responsible person for the petitioner. Jon Shannon and Dan
Corti, Environmental Health Specialists, are contacts who
can clarlfy the petition contents and supply additlional
Information If needed.



A. Petitioner Information ‘
The Missouia City-County Health Department (MCCHD) Is peti-

tioning the Environmental Protection Agency to designate the
Missoula Aquifer as a Sole Source Aquifer (SSA). The Missoula
Aquifer Is located In western Montana, approximately two hundred
' miles east of Spokane, Washington and one hundred miles west of
Helena, Montana. The boundaries of the aquifer lie within the
state of Montana and completely within Missoulia County. " The
aqulfer lles within Townships 13, 14, and part of 15 North and
Ranges 19, 20, and 21 west of the Principal Meridian, Montana.
Missoula County's population Is 77,400 with approximately 65,000
(or 84 percent) residing above the Missoula Aqulfer, most of
these within the Missoula city limi+s.

The Missoula City-County Health Department Is an agency
jointly funded and supported by the City and County of Missoula
"through an Intergovernmental Agreement and charged with
protecting the health and welfare of Missoula City and County
citizens. The Environmental Health Divislion, one of four divi-
sions In +hé Health Department, Is responsible for preventing
environmental damage and degradatlion in the community through
developing and implementing comprehensive environmental heal th
programs. Within the Environmental Health Division, the
Director, Linda Hedstrom, and two Environmental Heal th
Speclallsts, Dan Cortl and Jon Shannon, are representing the
Department in pursult of the Sole Source Designatlion and will
serve as contacts to EPA In the petition process.



DESCRIPTION OF THE MISSOULA AQUIFER AND VALLEY

Executive Summary

The Missoula Valley is a wide alluvial mountalin valley
located In West-central Montana. The Valley trends N55°W
and Is approximately 20 miles long and from 8 to | miles
wide. The Missoula Aquifer lles beneath the Valley and Is
roughly defined by the topographic break in slope of the
surrounding mountains. ’

The stratigraphy of the Valley consists of three major sub-
divisions. The oldest formation Is the Precambrian Belt
Supergroup metasediments which form a shallow bowl In cross-
section. This bowl Is filled with nearly 2000 feet of sedl=-
ments from the Tertiary perliod that consist of fine grained
material Interbedded with discontinuous layers of sand and
gravel. The youngest formation is a thin layer of Mlocene
to recent coarse sands and gravels overliyling the older
Tertiary sediments and Is known locally as the Missoula
Aquifer. These coarse alluvial sediments are generally less
than 200 feet thick and the saturated portion ylelds large
quantities of good quality water to area wells.

The Missoula Aquifer is currentiy the only source of drink-
ing water for Missoula valley residents and supplies 80% of
the residents In Missoula County with drinking water. The
remainder of County residents live outside the Missoula
Valley and receive their drinking water from a varijety of

surface and groundwater sources, Individual wells, two mun-
Icipal water systems, over 30 small community water systems,
and several large Industrial users all rely upon water from

the aquifer. The Missoula Health Department is Interested
In obtaining a Sole Source Aquifer designation as a first
step In a local comprehensive water quality management pro-
gram designed to ensure that the current and future users
will have a reliable source of good quality water Into the
future.

Thin, coarse sediments overlying a shallow water table makes
the Missoula Aquifer vulnerable to contamination. Septic
systems, Industrial waste ponds, landfills, storm water run-
off, underground storage tanks, and plipellnes are potential
direct sources of contamination to the Aqulfer. Several
incidents over the last five years have led to the contami-
nation of portlons of the Aquifer. Because of the high vul-
nerabllity of the Aquifer to contamination, and the presence
of potential sources of contamination overlylng the aqulifer,
speclal groundwater management is needed.

Several studies of chemical and bacterlial water quallty dur-
Ing the last decade have shown the aquifer contains very

3



good quallty water. Some elevated cases of nitrate and bac-
terlal levels have been detected, but are belleved to be
locallzed problems assoclated with Improper well construc-
+lon and septic waste disposal.

The pH of Aquifer water ranges from 6.8 to 8.5. Hardness
ranges from 138 to 210 and the concentration of total dis-

- solved sollids averages less than 500 mg/L.



A. General Description of Aquifer and Valley

Located In western Montana (see Figure 1) the Missoula
Aqulifer consists of young alluvial sediments of Early Miocene to
Recent age trapped within a wide alluvial mountain valley
(Missoula valley). The valley extends from the city of Missoula
on the eastern end to the town of Huson approximately 20 miles to
the northwest. From an aerial view, the valley Is elght miles
wide at Its widest extent and tapers to about one mile In width
near Its western end at Huson. The boundary of the aquifer
closely follows the limit of the valley floor and Is defined by
the fopogfaphic break of the surrounding terraces and mountain
slopes (see Figure 2).

The dlagrammatic cross-sectlion In Figure 3 shows the strati-
graphic relatlonship of the Missoula valley geology. The oldest
formation, Precambrian Belt Supergroup Metasediments, represents
a shallow bowl In section. The bowl Is fillled with nearly 2000
feet of Tertiary (late Eocene to early Mlocene) sediments, pre-
dominantly silts with Interbedded and inter-fingered layers of
sand and gravel. The youngest formation represents a thin layer
(less than 200 feet) of Miocene to Recent coarse sand ahd gravel
covering the Tertlary sediments. All three of these formations
yield varlious quantities of groundwater; however, the Miocene to
Recent coarse sand and gravel (Missoula Aqulfer) are the most
prollflc and the main source of groundwater within the valley.
Well drillers typically encounter the high productivity of the
coarse sediments of the Missoula Aquifer and fall to explore
deeper and older sediments.

The Missoula Aquifer represents a complex arrangeménf of
fluvial, tacustrine, and colluvial sediments. - The aquifer can
generally be subdivided into three smaller hydrostratigraphic
units: an upper coarse sand and gravel unit, a finer layer of
mixed sand, silt and clay, and a lower coarse sand and gravel
unit. The units occur sporadically throughout the valley In dis-~
continuous layers and lenses only to reveal thlis generalized pat-
tern. The majority of wells are finished within the lower hydro-

5
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stratigraphlic unit. A more extenslive discussion of the stratil-
graphy and aquifer characteristics Is found in Sectlons VIII to
X.

The Missoula Aquifer Is currently the only source of drink-
Ing water for the Missoula area, supplying water to a varlefy of
users within the valley. The aqulfer Is used as a sole solurce of
water for urban Missoula residents and businesses connected 1o a
'muntclpal water distribution system owned and operated by Moun-
| tain Water Company (MWC). It also supplies water to over 30
small community water systems serving residential developments
throughout the valley. Many homes and businesses not connected
to the mﬁnlclpal water system or a community system rely solely
upon well|s tapping the aquifer for thelr drinking water supply.
The Stone Container Corporation's pulp mill, the largest Individ-
ual user of water In the area, pumps water from 12 large wellis
tapping the Missoula Aquifer for the consumption and industrial

needs of the mill.

B. Interest In the SSA Designation

The MCCHD Is interested In the sole source aqulfer
designation for a number of reasons. The petition process Is a
majof step In the responsible conservation of the community's
water resource. To a l|large extent, our future water quallty will
be determined by how well the lnéfream quallity of the Clark Fork
River is preserved. The Instreamflow parameters are dependent on
fhé stream source and events occurring In the stream source area.
The abllity to at least partially ensure that stream source
events do not degrade water quality will help the MCCHD and the
community retain the Clark Fork as a safe source of recharge for
the Missoula aquifer. The smaller sldestreams, which also help
recharge the aqulfer, merit both attention and protection. The
possiblility of toxic or hazardous wastes entering the groundwater
from directly above the aquifer also present a threat that is
only parflalfy‘addressed at this time.

The commuhlty already has a high level of concern about

9



water quallty Issues. Several localized Incidents of
contamination of groundwater have made Missoula residents aware
that water is not an Infinite resource that can be taken for
granted. Some of these Incidents are described In section lIiC.
The Milltown Superfund project focused attention on the large
volume of hazardous waste that has accumulated behind the Mi|i-
town dam. Arsenic from upstream mining operations settled wlith
the sediments behind the dam. In May of 1981, four communlty
water wells (affecting 33 households) showed elevated levels of
arsenlc. 1In June of 1985, an EPA-funded replacement water system
came on Iine. The length of the process and the magnitude of the
remalning problem (what to do with the remaining sediments behind
the dam) stil! captures media attention. Montana Power Company,
a local utility purveyor, rs'frylng to galn approval to recon-
struct the Milltown dam. The potential Impacts of a sudden
release of sediments Into the Clark Fork immediately above MIs-
soula are another current controversy lhvolvlngfour ground and
surface water.

The hope of the MCCHD Is to change the focus of water qual-
ity Issues in Missoula from a reactlive to a proactive position.
The SSA pefl#lon.procesé Is already providing impetus In that
direction. The collection and correlation of the data contalned
In this petition have been enlightening and useful. The entlire
process of obtaining the SSA designation will be a cornerstone in
the larger process of increasing public support for responsibie
use of the land above the aquifer and fﬁe4resulfanf protection of
the aqulfer as a resource.

C. Aqulfer~Vulherablllfy

The wide alluvial valley that contains the Missoula Aqulifer
Is typlcal of mountaln valleys In the Rocky Mountain Reglon. The
recent alluvium that fllls the valley Is underiain by layers of
permeable sedimentary deposits and Precambrian Metamorphic bed-
rock. Surficlal deposits are generally coarse gralned, although
lacustrine silts are present in some areas. Groundwater dépfhs

10



are typlically shallow. Dutton (1981) described a generallzed
cross-section of the valley's solls with respect to their dis-
tance from the Clark Fork River. (Thls cross-section is shown as
Figure 4.)

The relative vulnerabllity of an aquifer to contamination is
dependent on several factors. The most Important of these fac-
tors Include: the depth to groundwater; the nature of the geolog-
lcal material of the surface, vadose and saturated zones; the
hydraullc conductivity and rate of recharge; and to a lesser |
extent the topography and climate.

In the Missoula Aqulifer depth to groundwater ranges from 0
feet In some swales to depths greater that 100 feet In some Gla-
cial Lake Missoula clay deposits. Solls over the aquifer are
generally sandy to gravelly loams. The vadose zone consists of
clean to silty sand and gravel. The slope of the valley floor
ranges from 1-8 percent and Is generally quite level. Hydraulic
conductivity and recharge values are discussed later In the
report (see Section IX C.), but are generally quite high.

The Missoula Aqulifer, with thin, coarse solls and shallow
groundwater, is very vulnerable to contamination. Like other
wide alluvial Rocky Mountain valley aquifers, especially those on
the Western flanks where precipitation Is higher and depth to
groundwater is shallower, speclial management Is needed to prevent
degradation of groundwater quallity.

~ Natural attenuation processes, such as sorption, buffering
and neufrallzéflon, lon-exéhange, and bifodegradation, are |imited
where solls are thin and coarse. Contaminants introduced both
from the surface and through subsurface sources, move quickly
through the unsaturated zone and remain largely unchanged. Ver
Hay (1987) reported that septic system dralin fields installed In
gravelly solls are degrading the aqulfer with bacterial and chem-
Ical contaminants, and that the vadose zone In these solls was
not providing the treatment required to protect the groundwater.

Protection of surface water Is also Iimportant to ensure pro-
tection of the aqulfer because of Its Important contribution to

LR
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Missoula County, Montana
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the aquifer's recharge. Because the Clark Fork River recharges
the Missoula Aquifer, discharges Into the river from municipal
sewage treatment works, minlng operations, and other upstream
sources could Indirectly contaminate the aquifer.

Potential sources of direct contamination include: septic
systems, Industrial waste ponds, several historlical and one
active municipal waste landflll, underground fuel and chemical
storage tanks, and high pressure petroleum plpelines. Two major
transportation routes, the Burlington Northern Rallroad and
Interstate 90 run paralliel to each other bisecting the northern
boundary of the aqulfer. Hazardous materials and waste are rou-
tinely transported through Missoula over these routes. Acciden-
tal spills and releésés of these materlals could result in cata-
strophlc damage to the aquifer. A number of Incidents that have
occurred and threatened or contaminated the Missoula Aqulfer are
described below.

Yel lowstone Pipelline

On June 26, 1982, a rupture occurred in a high pressure gas-
oline pipeline which spewed an undetermined amount of gasoline
into La Valle creek located in the north central portion of the
aquifer. This splll caused contamination of wells In the aqulfer
. adjacent to the creek. This was the second such. rupture of this
pipeline that the MCCHD Is aware of. There was a leak in the mid
1970s that caused contamination of wells In the Grant Creek area
just east of the La Valle Creek dralnage.

Mlll*own Arsenic Contamination

Just east of the proposed designation area is the Milltown
Superfund site. The aquifer in this area Is contaminated with
arsenic and other heavy metals. The source of this contamination
Is the sedIiments trapped behind the MIlltown Dam located on the
Clark Fork Rlver. : :

Missoula County Weed Control Contamination

In December of 1984 low levels of pesticides were noted In a
community water supply serving a KOA campground and mobile home
court. Chemlical analysls showed that a number of wells had ele~
vated levels of the herbicide, Picloram. Further investigation
revealed that the source of the Plcloram was the County Weed Con-
trol Department which was disposing of unused spray into a sump
at their shop located on North Reserve Street.
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Browning Ferris Landfill Leachate

The Browning=-Ferrlis Landfill, Missoula's only municlipal
waste landfill, Is located near the northeastern boundary of the
Missoula Aquifer between the Grant Creek and Rattlesnake Creek
dralnages (see Figure 2 - page 7).

In the spring of 1986 routine groundwater samples began
showing elevated levels for almost every parameter sampled. Fol-
low-up samples In the summer of 1986 taken from the base of the
landfill showed continuing contamination of the groundwater sys-
tem just down-gradient from the landfill.

Monitoring wells were drilled In the Missoula Aquifer down-
gradient from the landfill monitoring wells in late 1986. Sampl~
Iing during 1987 has shown the continued presence of leachate at
the landfifl, but wells finished In the Missoula Aquifer have not
yet shown any contamination. 1+ Is hypothesized that the Missou-
la Aquifer provides a tremendous dilution factor for the landfill
leachate and therefore water quallty has not changed notliceably
In the aquifer. Continued monitoring and assessment are on-

going.
Burlington Northern Diesel Contaminatlion

In the fall of 1986 the Montana Water Qualilty Bureau (WQB)
Informed MCCHD that diesel fuel had been detected at the Burlilng-
ton Northern (BN) Rallroad refueilng site, located in the nor-
thern part of the clity of Mlssoula and enfirely within the aqui-
fer boundaries.

The amount of fuel that had leaked Into the aqulfer was
unknown at that time and remains unknown today, but several moni-
toring wells showed free product on the water table. At least
one well had a lens of diesel fuel seven feet thick floating on
top of the water table.

Since fall of 1986, BN has attempted to identify the source
of the product and begin recovery operations. - As of October,
1987 the source of the problem has not been Identifled and full
scale recovery has not been Implemented. BN Is continuing to
work on the problem under the gulidance of the WQB.

High Nitrate Levels in the Linda Vista Area

In a subdlivislon located on the southeast boundary of the
designation area at the mouth of Miller Creek, MCCHD discovered
that a number of Individual wells had elevated nitrate levels.
Nine wells In this subdivision had nitrate levels above 10
mg/llter. These levels have been assoclated with the high use of
dry wells (seepage plits) for sewage disposal In this area. These
systems are belng upgraded upon replacement.
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Bacterial Contamination In the Frenchtown Area

In September of 1986, MCCHD became aware that 25 of 36 indi-
vidual wells, located In a two square mile area near the west end
of the designated area, were contaminated with coliform bacteria.
Although a definite cause has not been determined, It appears
that the bacterial contamination Is related to high groundwater
during the summer and fall created by recharge from a large irri-
gatlion canal. Contamination of the supplies also seems to be
correlated with Improper well constructlon,

Callifornia Street Gasoline Contamlinatlion

Groundwater beneath the Callifornia Street area of Missoula
was contamlinated by gasoline that leaked from a tank buried at
the Champlion Missoula Sawmill (CMS). Gasollne was detected in
domestic wells near the CMS In May of 1985. CMS excavated a
1,000 gallon gasoline tank and discovered many holes in the tank.
A loss of 600 gallons of fuel was recorded over a three day per-
lod after the tank was pressure tested. The total amount of fuel
lost Is unknown but It is assumed the tank had been leaking for
several years. Champlion inlitlated a groundwater monitoring pro-
gram In May of 1985 to comply with a request from the Department
of Health and Environmental Sciences to determine the extent of
pollution. Drinking water and In=-line carbon fllters for 24
individual wells were provided to the affected neighbors. |In
January, 1986, when gasolline constituents were verifled In sam-
ples of the area wells, Champion began a well replacement program
for the users. In the process of review for other possible con-
tributors to contamination In the area, an abandoned oil reflinery
was discovered. This site was tested by an EPA FIT Team and is
currently listed as a potential Superfund site.

' Storm Water

Urban storm runoff Is a matter of Interest as a source of
groundwater and surface water recharge, but most importantly as a
potential source of contamination. According to a recent study
by the University of Montana (Woessner/Wogsland, 1987), there are
2669 dry wells in the municlipal area that meet the E.P.A. Class 5
description of an Injection well. 1t is estimated that annually,
119 milllon gallions of contaminant-laden storm water are injected
eight to twenty feet deep into highly permeable solls via these
sumps. Although the contribution to groundwater recharge Is rel-
atively small compared to other sources, the potentlial for con-
tamination Is disproportionately higher. Runoff quality iIs vari=-
able, with annual total dissolved solids levels estimated at more
than 4400 tons.

Although 1t appears most of the chemicals are attenuated
within the vadose zone, higher levels of calclum, magnesium, sod-
fum, chloride, and Iron have been found In groundwater assocliated
with runoff recharge. Through a 208-sponsored study of Spokane,
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Washington's groundwater quality, it was estimated that 30% of
the contaminant load In residentlal areas is from storm runoff
(Miller, 1979), and this contaminatlion was generally associated
with the first 1/2 Inch of preclpitation. In other research
under the Natlonal Urban Runoff Projects (NURP), runoff has fre-
quently been seen exceeding water quality criterla for heavy
metals such as copper, lead, and zinc.

The above examples of real and potentlal contamination clearly
illustrate the vulnerabllity of the Missoula Aquifer.

D. Water Quality of the Missoula Aqulfer

This section provides informatlion about the chemical and
bacteriologlical quality of the groundwater. Information was
obtalned from a number of data sources and groundwater studles.

"The Missoula Valley Is endowed with a high quality water
supply In Its groundwater aquifer." This was how the Missoula
Valley Water Study (MVWS)(Juday and Keller, 1979) summarized the
groundwater serving the Missoula Valley In 1978. The quallty of
the Missoula Aquifer Is considered to be very good with respect
to established drinking water standards. The water quality of
the aquifer Is related to, and dependent upon, the recharge
sources and the exlisting and potential contamination sources.
The MVWS, which serves as a baseline for water quality data, pre-
sented a number of questlions that needed to be Investigated and
answered and was deslgnéd to serve as a "point of departure” for
local government to carry on future studies. '

Of several hundred wells sampled during the MVWS study, only
3 showed nitrate levels that approached or exceeded 10 ppm. Mos+t
of the wells showing elevated nitrate levels were found outside
the designatlon area, except for some wells located In the lower
Rattlesnake drainage. These levels are assumed to be at leastT
partially related to large numbers of seepage plts (dry wells)
located In this drainage. Clty sewer Is presently belng con=
structed to service the Rattlesnake area and should help allevi-
ate a portion of this pfoblem. -

The groundwater of the valley Is considered relatively hard
as expressed by the sum of calcium and magneslium [on concentra-
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tlions. The hérdness of the water causes some complalnts of scal-
Ing, but water softeners are not usually recommended or widely
used. Water from the municlipal water supply shows a hardness
ranging from 138 to 210. The groundwater Is a calclium=-bicarbon-
ate-type water and has total dissolved solids (TDS) usually less
than 350 milligrams per llter (mg/l!). Chloride lon concentra-
tlons are less than 10 mg/l and sulfate [s less than 30 mg/l.

The pH ranges from 6.8 to 8.5. Geldon (1979) reports
calclium:silica ratios in the Missoula aquifer averaging 2.3.

This Implies a relatively rapld clrculation of groundwater |
through the aqulfer. The ratio decreases southwestwardly with
dlsfanée from the Clark Fork river. Seasonally, wells near the
Clark Fork near downtown Missoula show 60% fluc+ﬁaflons In TDS
which also reflect the TDS changes In the Clark Fork river
(Hydrometrics, $984), '

' Water found In the tertiary sediment hydrostratigraphic unit
is also consldered a calclum-bicarbonate type of water with TDS
generally less than 500 mg/! (Geldon, 1979; Juday and Keller,
1979). lron concentrations +yplca]ly exceed the 0.30 mg/! drink-
ing water standard. 1In an'affemp+ to describe the clirculation
time of groundwater in the Tertiary sediments, Geldon used cal-
cium:silica ratios and found they averaged 0.64 for this ground-
water and concluded that the water took a longer time to circu-
late through the system than the groundwater found near the Clark
Fork river.

Recent chemical data obtalned from 1984-1986 are shown in
Figures 5 = 7. This data was obtained from Mountain Water Com-
pany, owner of the municipal water utllity, and the Missoula
Aquifer Study belng conducted In cooperéflon between the MCCHD
and the University of Montana. Results of MWC data and the Mis-
soula Aqulfer study show no violation of the maximum contaminant
levels established for the State of Montana primary drinking
wafér standards. Small community water supplles are also sampled
once every 5 years for chemical constlituents. Data from the
approximately 33 commdnlfy water supplies In the valley show no
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violations of the Montana primary or secondary drinking water
standards. The chemical analysis results for the community sup-
plies located within the designated area are included In Appendix
A. '

The bacterial water quallty of the aquifer Is more difficult
to determine because of the problems associated with well con-
structlon. Montana has only recently adopted well construction
standards, and many water samples that show bacterlal contamina-
tion problems are from shallow wells or wells which are not pro-
perly constructed.

The Missoula Valley Water Study found that a high percentage
(25%) of 104 wells belng sampled monthly for coliform bacteria
showed contamination In one or more samples during the study per-
fod (approximately one year). The study attributed contaminatlion
problems to the proximity of most of the contaminated wells to
elther the Clark Fork or Bitterroot rivers, and to the depth of
wells. The contaminatlion problems peaked Iin July and early
August and it was surmised that colfiform bacteria previously sta-
tic In the soll were mobllized by rising groundwater and were
introduced Into the aquifer. Bacterial samples collected from 65
wells In conjunction with the Missoula Valley Aqulifer Study
revealed that 23 percent were contaminated with coliform bacter-
fa.

Mountain Water Company also monitors bacterial water quallity
In the valley and collects 54 bacterliologlical samples each month.
These samples show almost no contamination.

E. Relatlonship of Water Purveyor to Petitloner

Drinking water in the Missoula valley Is solely groundwater
and comes from publlic or.IndlvlduaI wells. Municlpal water lé
derived from two local water utilities, Mountaln Water Company
(MWC) and Clark Fork Water Company (CFWC), which distribute water
from wells tapping the Missoula Aquifer to reslidents in the Mis-
soula clity limits or its urban fringe area. Individual wells and

small community water systems represent the second category
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defined as an Individual user of groundwater. A

Both of these sources are regulated by the MCCHD and other
State and Federal agencles which are responsible for the mainte-
nance of both surface and groundwater quality. The MCCHD has
further responsibllity for the regulation of sewer and septic
systems throughout the valley and the remalnder of Missoula Coun=-

ty.
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I11. CHARACTERISTICS OF THE AQUIFER SERVICE AREA
Executive Summary

The Missoula Aqulfer serves users within it+s boundaries, and
also provides water to several residential developments
along hillsides beyond the Aquilfer boundaries. An estimated
65,000 of Missoula County's 77,400 residents use water from
the Missoula Aquifer. Of those 65,000, about 47,000 people
receive water from privately owned water utilities and the
remainder receive water from individual wells or small com-
munlty water systems.

The Mountaln Water Company suppllies water to nearly 45,000
residents In and around the City of Missoula. Mountain
Water operates 34 supply wells in the Missoula urban area as
- their only source of water. All of these wells are finlished
In the Missoula Aqulifer. :

Residentlal water consumption ranges from about 525 gallons
per day (gpd) to 700 gpd. Commercial/industrial water con-
sumption averages about 1660 gpd. Mountain Water Company
estimates that 51% of water production Is lost to leakage In
the distribution system.

Stone Contalner Corporation owns and operates a pulp mill
West of Missoula that is the single largest user of Missoula
Aquifer water with an average dally production of 24.5 mii-
Ilon gallons per day.
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A. Aquifer Service Area Boundary

Water from the Missoula Aquifer serves users within Its
boundaries but also Includes a few reslidentlial developments along
the hill slopes outside of the boundaries. These developments
include three areas served by a municipal system: Ei£xlgg§, §231h
Hi¥lls, and Ben Hughes Addition. Two have thelr own communlty
T T e o P TN, .
water system: Sorrel Springs and Goodan & Klel|l Estates (see
Fligure 2, page 7). Both Sorrel Sprlngs and Goodan & Kiel Estates
have wells tapping the Missoula Aqulfer water on the valley bot-
tom which is pumped up slope to the residentlal developments.
Farviews and Ben Hughes Addition are served by MWC's distribution
system, while the South Hills area is éhared by both MWC's and
CFWC's water llines.

B. Population of the Aquifer Service Area

Census data from 1980 show a population of 77,400 in MlIssou-
la County. Although the aquifer does not extend over the entire
county, the majority of the population llves within the Missoula
valley. Census tract data further enables delineation of the
aquifer service area's population. Appendix B displays the
breakdown of census tracts within the county and an estimated
percentage that reside within the service area. Although these
flgures represent the 1980 population, recent studles have shown
Itttle change In the county's population up until 1985 (BBER,
1986). An estimated 65,000 use water from the aqulfer. Of that
amount, 44,755 are served by MWC's system and 2,329 receive water
from CFWC's water distribution lines. The remalnder rely upon
water from individual wellé or from small| community water sys-
tems. An estimated 150 Individuals, residing outside of the
aqulfer boundaries but within the service area, rely upon older
sediments (Tertiary sediments/Renova Equivalent) for thelr water
supply.

C. Mountain Water Company's System
Mountaln Water Company (MWC) operates the main water utility
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In the Missoula valley, providing water to nearly 45,000 resi-
dents. In 1986, MWC's total customer accotnts numbered 16,331
with approximately 1300 of those being commerclial/industrial
accounts. MWC operates 34 wells in the Missoula urban area as
thelir source for water productlion. All of MWC's wells produce
water from the MIssoula Aquifer, with the most productive wells
slituated near the Clark Fork River. The MWC system includes .18
storage tanks, with three of these having a capacity of one mil-
llon gallons or more. The distribution system consists of nearly .
170 miles of water mains. Approximately 2% of the mains are old,
wooden stave plipes Installed during the early years of the water
distribution system. The distribution |ines reach residents of
the city of Missoula and the area Immediately outside the clty
Iimits (see Figure 8).

Eight percent of MWC's customers are commercial/Industrial
and the remaining are domestic users. bnly about one-third of
residentlial customer water consumption Is metered, whereas all
commercial/industrial water consumption is metered. A 1981 study
performed by MWC demonstrated that residential water consumption
varies from metered to unmetered customers. Metered customers
use between 0.35 to 0.37 gpm (504-533 gpd), whereas unmetered
residences range from 0.39 to 0.51 gpm (562-734 gpd) (MWC,1981).
Varlations appear dependent upon fluctuating climatic conditions,
Howevef, data for 1986 show residential use to be stightly higher
than average even though precipitation was higher than normal.
Combined metered and unmetered residentlal customers averaged
0.49 gpm (703 gpd). Commerclial and industrial users averaged
1.15 gpm or 1659 gpd for 1986 (see Appendix C).

These values are much lower than the total water produced
for the system because they fail to take Into account leakages In
the distribution system. MWC's Control of Water Production study
of 1981 demonstrated leakage from thelir system Is approximately
51% of production (MWC, 1981). Although leakage In a system sup-
plled by groundwater would most [lkely return to the aqu[fer,-
examining the replaceability of the source must Include leakage

25



— & e

2

® LIMITS OF

FIGURE 8

COMPANY
SERVICE AREA

MILES
1

RESERVOIRS

SERVICE
® WELLS

MOUNTAIN WATER
® STORAGE

v E e ET

RO DR - \
3 - ™ _ . |
FROD L I i, .
Tep-gelt.gu-1rl _.r w ? X

kY -1 -
021008000 0000, Bk Wi I o

s e i e i

P .a.. L . o e

S B e
. TR
DAL - d 41 8% - s

S



as part of customer usage. Actual usage in the aquifer service
area for MWC customers, CFWC customers, and people on individual
wells Is explained in Section IV B,

D. Clark Fork Water Company's System

The Clark Fork Water Company (CFWC), formerly known as Wes-
tern Water Co., prévldes water service to residential customers
in newer subdivislion developments in southern Missoula. The
utility was developed to supply water from prolific Missoula
Aquifer wells rather than developing wells In the less productive
Tertiary sediments. Water from the wells Is pumped up slope to
two subdivislons iIn fhe South HIlls area: Linda Vista and Valley
Vista. All of CFWC's customers lle oufslde‘df the aquifer's [|Iim-
Its. Production flgures are unavallable, but the utility has the
capaclty to produce 5 mgpd to serve over 740 residential cus-
"tomers. An estimated 2329 people are served by CFWC water.

Customers of CFWC are unmetered and pay a flat rate of $9.90
per household.

E. Individual Wells and Communlty Water Sysfems‘

An estimated 13,000 people live within the aquifer service
area but outside of the two water utlilities! distribution sys=-
tems. Almost all domestic, commercial, and industrial users In
the area all rely upon wells tapping the Miocene to Recent coarse
sand and gravels as thelr source of water. A single source of
water (or well) may supply one household with drinking water or
may supply a community water system. Community water systems are
defined as: 1) a private hookup serving water to the general pub-

Ilc (l.e. a restaurant), or 2) a single source providing water to

ten or more hookups (or households) and serving 25 or more peo-
ple. _ |
There are 60 community water supplies identified within the
Missoula Aquifer boundary and 33 of those are defined as multi-
dwelling systems., Some of these systems are quite large such as
El-Mar Estates which has nearly 500 hookups In their system. Two
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community systems, Goodan and Klel Estates and Sorrel Springs,
Ile outside of the aquifer's boundaries yet draw thelr water from
wells within the boundary and from Missoula Aqulfer sediments.
Development of wells In the Missoula Aquifer which pump water up
to the subdivislions have proven to be more feasible than develop-
Iing groundwater from the less productive sediments at the subdi-~

vislion site.

F. Stone Container Corporation's Industrial System

The Stone Container pulp mill west of the city of Missoula
represents the largest single user of Missoula Aquifer water pro-
ducing nearly as much water as MWC supplies to it+s 16,000 custo-
mers. The mill pumps 24.5 milllion gallons per day (mgpd) from 12
wells along the Clark Fork River (MDHES, 1985). The water ls
used primarily for Industrial needs and Is not required to be of
drinking water quality. For purposes of replacement, the pulp
miil's use will not be considered as part of the aquifer's drink-
Ing water supply. | '
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CURRENT DRINKING WATER SOURCES AND USES
Execufive Summary

Although other sources of drinking water, such as Rattle-
snake Creek, have been used In the Missoula Valley In the
past, no source other than groundwater has been used since
1983.

Average dally consumption of water In the Mountain Water Co.
system is about 550 gallons per day iIncluding leakage from
distribution pipes. Average daily use excluding leakage Is
estimated to be about 270 gpd. Total drinking water use in
the Missoula Aquifer service area Is estimated to be 30 mil-
llon gallons per day (mgpd).

Water use fluctuates very little from October to March aver-
aging about 630 million gallons per month. Consumption
Increases In April and continues to rise during the summer
months due to lawn and garden sprinkiing. Water consumption
peaks in August when dally water demand can exceed 50 mgpd.
Annual and seasonal demand can vary drastically depending on
climatic conditions.

Wells tappling the Missoula Aqulifer sustaln very high ylelds.
Mountain Water Company wells produce an average of over 1000
gallons per minute (gpm) with some iIndlividual wells produc-
ing up to 7,000 gpm. Currently, the only |Imit on Missoula
Aquifer production Is demand for water.
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A. Current and Past Drinking Water Sources

The Missoula Aqulfer provides nearly all the drinking water
to residents of the service area. As outlined previously,
groundwater from the Missoula Aquifer Is distributed from a vari-
ety of sources. Only a very small percentage (<0.3%4) of service
area residents use another source for drinking water (Tertiary
sediments/Renova Equivalent) (see Table 1).

Prior to July of 1983, MWC and the Missoula urban area used
surface water from Rattlesnake Creek. This source had been In
use since 1875 until an outbreak of Glardia lamblia forced the
closure of the system. The existing treatment processes lacked
the capability to filter the Glardla cysts, cutting off approxi-
mately 45% of MWC's total water pfoducflon. Facing high summer
water demands, the utility had to Increase well production to
offset the loss from the surface water source.

- To. resume diversions of the Rattlesnake Creek, the system
would require addlitlional treatment processes to adequately fll|ter
the Glardla cysts and to meet exlsting surface water quallty
standards. The construction of a more elaborate treatment system
has not been pursued by MWC because of the costs Involved in the
development and operation of a plant. The optlons and costs for
reestablishing Rattlesnake Creek Into MWC's system are further
explained In Section V. Without these Improvements MWC must rely
upon wéll water for supplying the Missoula urban area with a
drinking water supply.

No other source of water other than groundwater has been
used In the Missoula valley for drinking water since 1983.
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TABLE 1

CURRENT DRINKING WATER SOURCES IN THE AQUIFER SERVICE AREA

Use Public Supply Private Supply Jotal
: . MWC CFwC
Source e ' _
S ‘ e : )
Missoula Aquifer ¢ 83.1% 2.8 13.8%: : 99, 7#
N i \__r -
Ratt!esnake 0.0% 0.0% 0.0% 0.0%
Other Aquifers 0.0% 0.0% 0.3% 0.3%
/ﬂ_\ et T "*-x‘nHL \ ( . { ) .
Totals \\“83 15 Lzt (s, 1%’ ; ~\100.08

N

* See Appendix C for mefhods for developlng wafer usage for each
source

B. Wafer Usage

Daily drinking water use from the Missoula Aquifer was esti-
mated from MWC's record of water production (Appendix C) from
1976 through 1986. These values represent water produced from -
the aquifer (and Rattlesnake Creek while In production) and dis-
tributed in their water mains to residential and commerclial cus-
tomers. While this accounts for only 75% of the service area
population, lf'porfrays a fair representation of individual use
throughout the valley. '

For the last ten years MWC has annually produced an average
of nine billlon gallons from both ground and surface water
sources. About 45,000 people live within MWC's service area
equalling a daily use of 550 gallons of drinking water per person
(resldénflal, commercial, and Industrial uses). This value
appears high for two reasons. One, customer use Is dependent
upon demand rather than availabllity. Missoula area water users
have not had to face water rationing and conservation measures
during sustained dry perlods or droughts. Use Is at its highest
during extremely hot and dry summer months as residents Increase
thelr lawn and garden watering. The second reason is the high
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leakage rates from MWC's old water distribution system. It Is
estimated that the current system leaks as much as 55% and aver-
age 51% of the total water produced. A

If leakage could be eliminated, the base dally per caplta
use would be 270 gallons. However, leakage appears to be
unavoldable In fhe current distribution sysfem and even the best
system exhlibits some loss. Water use by the residents outside of
MWC's system Is assumed to be similar but will exhibit much lower
leakage rates in their distribution Ilnes. Leakage In Clark Fork
Water Co.'s lines Is expected to be about 25% of total produc-
tion. Water use In CFWC's service area Is approximately 360
gallons/person/day. , ‘

Small community water systems and individual wells have |1t-.
tle or no leakage due to Iimited distribution |lines. However, 1If
~thelr groundwater supply required replacement, service l|ines
would be required to distribute water from an auxiliary source.
I+ is estimated that leakage would be 15% of the total water pro-
diced. Assuming base water use to be simllar to MWC customers,
the actual délly per caplta use Is 317 gallons. ‘

. Total daily use averaged annually Is displayed In Table 2.
Drinking water use Is estimated to be 30 million gallons per day
for the Missoula Aquifer service area.

TABLE 2
WATER USE FROM THE MISSOULA AQUIFER

_ : Dally Use™
Production Populatlion Pe. ' , ot
(MGPY) _ ‘ (GALLONS) (MGPD)
MWC _ 8991.85 44,755 550 24.63
CFwC - - 2,329 360 0.84
Individual : -- 13,198 317 4.19
Frenchtown MIiill 8942.50 - ' - ~24.50

- Total Withdrawal (All Uses) 54.16
Withdrawal (Drinking Water) 29.66

* See. Appendix C for methods uséd in estimating Wafer use
. _ , 32 .



c. Seasonal Use and Varilations

Monthly use from October to March fluctuates very |ittle and
averages about 630 milllon gallons/month, but beginning In April
water consumptlion begins to Increase (see Figure 9). The
lncrease Is primarily attributable to Increased ltawn and garden
sprinkiling, with use peaking in July and August. Within MWC's
system, dally production can top 40 miilion gallaons. Annual and
seasonal production may vary dramatically depending upon summer
climatic conditions. Annual productlon may vary as much as two
billion gallons in consecutive years due to variable climatic
conditions Appendix C). '

Gerald Lukasick, an englineer for MWC, reported that dally
peak use has reached 46 milllon gallons within thelr sysfém.
Since MWC customers only account for three-quarters of the ser-
vice area population, total production valley-wide could reach
60 million gallons in a single peak use day. In reviewing the
replacement of the exls+ing system, estimated peak usage In the
Missoula Aquifer service area Is 50 million gallons in a single
day.

D. Production Potential and Limitations

Actual production potential of the Missoula Aqulifer and
recharge and discharge volumes to the groundwater system are cur-
rently being studled. A further discussion of recharge/discharge
relationships is In Sectlion X, Aquifer Recharge and Discharge.
Production withlin MWC's system and generally throughout the aqui-
fer service area has been governed by customer demand. The
development of the groundwater supply rather than a surface water
source has typlically offset the demand.
| The wells tapping the Mlssoula'Aqulfer sustain very high
ylelds. Within MWC's system an average well produces 1000 gpm,
many pfoduce over 3000 gpm, and the most prolific well within the
system can pump from 6500-7000 gpm operating on the average 17
hours per day. Recent aquifer testing show that these wells
exhibit sllght drawdown and rebound quickly to static water level
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conditions (Clark, 1986). Many of the large production wells
used by MWC are In close proximity to the Clark Fork River and
are receiving direct recharge from the river. The potentiai of
the aquifer In other areas of the basin are similar and Is dis-
cussed further in Section VIII D, Groundwater Hydrology.

Further productlion and development of the Rattlesnake system
has been set aside due to poor water quallty related to Glardla
and the costs of providing effective treatment of the surface
water. Prlor to contamination, the Rattlesnake provided 45% of
MWC's water supply or roughly 11 million gpd. The Rattlesnake
watershed Is north of the city of Missoula and Includes the Rat-
tlesnake Recreafldn and Wilderness areas. The watershed Is
closed to motorized traffic but remains open to other public
recreational uses such as hiking, hunting, and fishing. The
water system Includes an Intake dam located 2.1 miles north of
the city limits and two 30" water mains that feed a storage tank
at Waterworks HIill. From the Waterworks storage reservoir, the
system was capable of supplying water to much of the city with
minimal pumping expenditures.

Volume of water available from Rattliesnake Creek will vary
depending on the type of treatment required for providing drink-
ing water. Sanderson, S+ewar+, and Gaston Engineering prepared a
study examining the costs of providing different forms of treat-
ment to the Rattlesnake. They uéed plant designs with a dally
capacity of 10 mgpd. Thls appears to be the optimum size for a
full scale conventlonal treatment plant on Rattlesnake Creek.

Water quality In the creek remains good despite the Glardia
contamination. Prior to 1983, the system only required sedimen-
tation and chlorination for treatment. There were periods of the
year In which Rattlesnake water was untreatable: during high run-
off when turblidity could not be controlled by sedimentation, and
very cold perlods In the winter when water temperatures approach-
ed the freezing point and the danger of frozen plpes existed.
Improving the treatment facllity would reduce these problems and
create a more rellable water supply. However, refntroducing
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Rattlesnake Creek water into the water system would require
elther expensive flltration treatment or Its equivalent, to
remove the Gilardia. These alternatlives are discussed later as
potential sources.
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CONSTRAINTS AFFECTING WATER DEVELOPMENT

Executlive Summary

Western Montana generally has an abundant surface water sup-
ply, although some locallzed water shortages occur In the
dry summer months of drought years. In the Missoula Valley
water rights to almost all of the surface water In local
streams has been allocated to agricultural and hydropower
users.

The 1973 Montana Water Use Act establishes a central system
for the acquislition, administration and determination of all
water rights in Montana. Montana law requires potential
users of water to apply for permits for both surface water
and groundwater. The Montana Department of Natural Resourc-
es and Conservation (MDNRC) Is responsible for the permit-
ting of water rights. Appllcants are granted rights If
thelr intended use does not Impact water use by those with
prior rights. Despite a process to determine new water
rights, the water of many local streams Is severely over-
allocated.

Potential alternative drinklng water sources were evaluated
to determine whether water Is legally avalilable through
allocation. A source was determined to be administratively
feasible if water rights could be obtained. Because the
MDNRC has placed a temporary closure In the Missoula Valley
to all new ground and surface water sources, only current
water supplies were evaluated.

- Alternative sources that were determined t+o be administra-

tively feasible Include: Rattlesnake Creek, Blitterroot
River, Clark Fork River, 0'Brien Creek and deeper Missoula
Valley Aqulfers.

Water quallity classification In the Missoula Valley include
A-1 Closed (drinkable with simple disinfection) for Rattle-
snake Creek above the current dam, and B-1 (drinkable with
conventional -treatment) for the Clark Fork and its tributar-
fes.
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Introduction

Western Montana generally has abundant water flowing in the
streams and rlvers draining the snowflields of the nearby mountain
ranges. Most rivers and many of the large streams malntain flow
=fhrdughouf the year, but some become appreclably low in the late
summer when snow melt has disappeared and recharge from ground-
water diminishes. However, much of thils surface water supply Is
already allocated to agrlcultural and hydropower users throughout
the valley, and holders of junior water rights often lack water
In the late summer months. A river such as the Clark Fork, may
discharge billlons of gallons dafly under a bridge, but may be
completely confined by Institutional constraints that prevent the
diversion of a single gallon of water.

This section will explain the constralints confronting the
accessibility and avallabillty of water in western Montana. The
section will demonstrate the legal obstacles In obtaining ﬁa*er.
rights and discuss the lImitations related to water quality and
water treatment.

A, Montana Water Law

The water rights issue In Montana dates back to early minling
operations of the 19th century when water was the dependent vari-
able for success. With agriculture following In the shadow of
mining operations, the water use Issues galined even.more‘legal
signlficance and prominence. Authority for historical water use
and for thelr ditch systems iIs generally unquesfloned.' "First In
time, first in right" applies In Montana water rights Issues.

Prior to 1973, no exclbslve\me#hod of water right appropria-
tion existed. The most common method for acquiring water rights
consisted of making a diversion, posting a notice of the diver-
slon, and then flling with the County Clerk and Recorder's
office. The appropriation of grdundwafer was legalized by the
1962 Montana Groundwater Law. It establlshed for the flrst time
a formal procedure for obtaining groundwater rights. The histor-
Ical groundwater rights established through use were assumed to
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be valld from that time forward.

The 1973 Montana Water Use Act established a uniform central
system for acquisition, administration, and determination of all
water rights. ‘It created a centralized record system and a
single, exclusive system for establishing water rights by a
permit system. |t also mandated the adjudication of all existing
rights. There is a requirement for the appropriator to file for
a permit with the Montana Department of Natural Resources (MDNRC)
to obtaln a new water right 1f it involves elther the
construction of a new surface water diversion or Impoundment or a
water well with an anticipated beneficial use of more than 100
gallons per minute, '

Montana water law requires potential users to apply for per-
mits for both groundwater and surface waters. Applicants are
granted rights if thelir Intended usage does not Impact water use
by those with prlor or senlor rights to the applicant. |If 1t Is
demonstrated that the applléanf’s withdrawal of water will Impair
another's use, the permit may be disallowed.

One extremely important provislion of the 1973 Montana Water
Use Act allows publiic entitles to reserve previously unallocated
water for existing or future beneficlal uses. Reasons for
reserving water may be for consumption or to maintaln a minimum
flow, level, or quality of water. Agencies must prepare an
application to the MDNRC and provide the following Information:

1. The purpose of the reservation, including the beneficlial
uses Intended. :

2. The need for the reservation and why a water right by
permit will not meet the needs.

3. |If consumptive use Is Involved, why the necessary faclil-
Ities cannot be build to divert, convey, and use the water
in the near future, and how that situation may change.

4, 1f the appllication Is for Instream use, such as flsh,
wildlife, recreation, water quality, or protection of
exlsting rights, the application must document why the
requested flow or level should be protected. I+ must also
describe the environmental benefits and costs of main-
taining or not maintaining the flow or level requested.
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5. The amount of wafer-necessary for the purpose.

6. A showing that the reservation is In the public iInterest,
documenting any benefits which will occur, and Including
conslderation of both economic and environmental factors.

Thls reservation process Is the key to future surface and ground-
water development. -

Montana Senate Bill 76, enacted In 1979, furTher'deflned the
purpose of water rights protection. "An Act to Adjudicate Claims
of Existing Water Rights in Montana" provides for four water jud-'
ges to be appointed to study and adjudicate all water rights by
1992, When this occurs, the state and Its water users wfll for
the first time, have a record of all water rights including those
pre-1973 clalms.

Famillarity with water availabllity problems Is essential to
understanding water rights problems In Montana. |In the spring of
the year Western Montana generally has abundant water flowing In
the streams and In underground reserves collected from nearby
mountaln ranges. Most rlvers and many of the larger streams
malntain flow throughout the year, but some do become appreclably
low in the late summer. Since the climate Is rated as arld (an
average of 13 inches/year), it Is understandable that late season
water supply can be diminished. Also, this water supply is allo-
cated to agricultural and hydropower users, and holders of junior
water rights often lack water In the late summer months. So the
avallability of wéfer becomes a quésflon of low flow supply. A
source of water may be open to permitting or allocation, but that
source may not be guaranteed throughout the year because of .
depleted suppliies. Belng open to allocation is, therefore, not a
guarantee of use. For example, one of the small streams feeding
the valley has water allocated to four times Its average flow and
faces possible closure to further permitting. All Sfreams have
the potential for contamination by Glardia or other pathogens.
The Bitterroot and Clark Fork Rivers have the capacity to supply:
municipal water demands, but hydropower users downstream have
rights to the entire flow of the rivers. This downstream hydro-
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power reservation, coupled with the limited avallabllity of water
from slide tributaries such as Rattlesnake Creek, make future
development of water sources a problem.

In Missoula, Mountaln Water Company Is the primary supplier
of municipal water. Thelir water rights include 184,890 acre feet
of'wafer, 70,391 acre feet being groundwater reserves and 114,499
acre feet being surface allocation In the Rattlesnake Creek
drainage. Although this may appear to be suffliclient quantity for
the municlipality, again the demand may well exceed the
avallabllity of that allocation.

For the purposes of thls petition, examining the replacea-
bltity of the current groundwater supply will also require devel-
opment of distributlion systems for those currently rellant only
upon thelir own wells. Most of the aquifer service area west and
north of the Missoula clity limits lack the distribution system
necessary to provide centralized water service. 1In determining
the practicality of an alternative, these costs must be Included
In the final analysis. As shown In later sections of thls docu-
ment, the cost of developing distribution lines for these areas
far exceeds development of an auxlillary source.

Each administratively feasible alternative Is listed In
Sectlon VI, Potential Drinking Water Sources. Administratively
feaslble generally Infers water that Is available for allocation
elther by permitting or through the reservation process. Relying
upon adjudicated or legisliative activity to provide alternative
water suppllies Is considered too prohibitive. Purchase and
transference of water rights Is also considered too cumbersome
because of the notification and approval process of downstream
users and addltional costs Involved In acquiring rights. MDNRC
has placed a temporary closure upon the valley to all new ground
and surface water permit appllcan#é,»fhus eliminating all sources
except for current water supplies. This action may force state
agenclies to examine the legal avallability of water In the larger
basins of Montana. For purposes of simplifying the discusslon,

we assume the options and scenarios presented below will face few
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obstacles In obtalning water rights,

Legal Constraints on Alternate Water Sources

Al though the Missoula valley has abundant rlver water, very
Ilttle water Is stored In nearby lakes and reservoirs. The near-
est lakes are In the Ra*flesnake surface water system but are
located within a designated wilderness area. Palnted Rocks
Reservoir, 90 miles south of Missoula, appears to be the most
rellable source of stored water. This reservolr has 32,000 acre
feet of storage with approximately 16,000 acre feet allocated to
date. 15,000 acre feet are used to maintailn Instreamflows of the
Bitterroot River. A cdnfracfual arrangement with the Bureau of
Land Management to transfer water rights from t+he Hungry Horse
Dam to the Clark Fork River may also be feasible. Since Washing-
ton Water Power [s interested In volume flow to thelr downstream
‘genera#lng plants, a trade for Flathead River sforége would not .
affect thelr water rights. Development of a reservolr .near the
Missoula valley remalins a possibillty and Is dlscussed later In
the petition. ‘ _

Aqulfehs belees the Missoula Aqutfef both within and out-
side of the Missoula valley may also be considered as alternative
sources. Ollgocene~Miocene sediments and the fractured Pre-Cam=-
brian bedrock aqulfers are used sporadically throughout the val-
ley but tend to yield considerably less than the shallower Mis-
soula Aquifer. The Bitterroot Valley, south of Missoula, may
remain as a possibility for development if dlsfrfbu#ion mains are
economically feasible. _ '

Replacing the current groundwater supply, should It become
polluted, will also require development of distribution systems
for those currently rellant only upon thelr own wells. Most of
the aqulfer service area west and north of the city Iimits lacks
mains to provide centralized water service. In defermlnlng the
practicality of an alternative these costs must be Included in
the final analysis. As shown In later sectlons of this document,
the cost of developing distribution lines for these areas far
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exceeds development of an auxlflary source.

Each feasible alternative for replacing water supplles for
the aquifer protection area Is llIsted in Section VI. " |f there
are constraints that appear to be binding, those are noted.
Otherwise, the alternatives are In the category of constralnts
uniikely to be binding.

For a government entity there are two optlons for the allo-
cation of water rights. An application for water rights requires
the construction for use of the water be done within a ten (10)
year development perlod. Because of difflculties in predicting
future use and costs of construction within a ten year time frame
this option for water rights Is not popular and would not be
recommended for alternate water rights development in Missoula.
The second application process Is referred to earllier and
involves a reservation of water use which is reviewed by the
MDNRC every 10 years. The reservation Involves no consfrucfldn
requirements, and off-stream storage can still be secured In the
‘future, although users with prior rights such as Washington Water
Power Company, may require conditions be added to an approval.

B. Montana State Water Standards

The Montana Clean Water Act provides for the "... class-
Ification of all waters In accordance with their present and
future most benefiélal uses ...", and to "... formulate standards
of water purity and classification of water according to its most
beneflclial uses ..." (MCA 75-5-301). Pursuant to State Law, the
surface waters were classifled with associated standards In 1972
under the Administrative Rules of Montana.

Montana's stream classification system dictates the degree
to which State waters must be treated before they are ‘determined
to be sultable for human consumption. Sources of drinking water
which do not require extensive filtration and/or chemical treat-
ment have a major advantage over those that can only be developed
after the addition of expensive treatment facllitles. |

fn the Missoula Valley area there are two different stream
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classificatlons. The Clark Fork River and most of its tributar-
les are classifled "B-1." The Administrative Rules of Montana
(ARM) 16.20.618(1) state:

"Waters classifled B-1 are sultable for drinking, cullnary
and food processing purposes after conventional treatment;
bathing, swimming, and recreation; growth and propagation of
salmonid fishes and assoclated aquatic |ife, waterfowl, and
furbearers; and agricultural and Industrial water suppiles."
(See Appendix D) '

The Rattlesnake Creek above Mountain Water Company's Intake dam
Is classifled A-Closed. ARM 16.20.616(1) provides that:

"Waters classifled A-Closed are suitable for drinking, cull=-
nary and food processing purposes after simple
disinfection." (see Appendix D)
Thus, the classification of State surface waters constrains the
development of most streams as drinking water sources, and In
Missoula's case, favors the use of the groundwater as the area's
drinking water supply.
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Vi,

POTENTIAL DRINKING WATER SOURCES
Executive Summary

The Clark Fork River flows through the Missoula Valley and
has a drainage area of almost 6,000 square miles. The aver-
age annual discharge above Missoula is 3,037 cubic feet per
second (cfs). Irrigators in the drainage basin use up to
one-fifth of the average annual flow. Hydroelectric gener-
ating facllitles downstream from Missoula are the other

ma jor water users. One of these facliliitles, Noxon Rapids
Dam owned by Washlington Water Power Company, has rilghts to
50,000 cfs. Average annual flow at Noxon is 22,000 cfs.

" The B-1 classification of the Clark Fork River would requlire

a treatment process of coagulation, sedimentation, filltra-
tion, and chlorinatlion In order to be used for drinking. It
Is estimated that the Clark Fork cou'ld supply Missoula with
an average of 30 milllon gallons per day annually.

The Bitterroot River enters the Missouia Valley from the
South and drains an area of about 2800 square miles. The
average dlischarge at Missoula Is estimated to be 2334 cfs.
Irrigation demands nearly one-quarter of the total flow.
Water quality constraints similar to those on the Clark Fork
apply to the Bifterroot River. Palnted Rocks Reservolir,
located on the West Fork of the Bitterroot, Is a storage
facllity with water currently avallable for purchase. The
Bitterroot could not be considered a continuous supply of
water unless water Is released from the reservoir. A pur-
chase agreement for 5000 acre-feet of water per month could
provide enough water to meet Missoula's demand.

The use of the existing water storage and distribution sys-
tem on Rattlesnake Creek was dliscontlnued due to Glardia
contamination In 1983. Re-establishing Rattlesnake Creek as
a source of drinking water would require the construction of
a filtration and treatment plant. The capacity of such a
system would be from 10 to 20 mlililon gallons per day.

Several small creeks flow {nto the Missoula Valley, but few
maintaln enough flow to be considered as a source of drink-
Ing water. Only O'Brien Creek and Pattee Creek have unallo-
cated water avallable. These sources could meet a small
portion of Missoula's water demand If off-stream storage Is
developed.

Other aqulfers In the Missoula Valley, such as Tertlary sed-
iments or fractured bedrock, do not have high enough ylelds
to meet Mlissoula's water demand.

Weltl flelds developed In the Bltterroot Valley aqulfer,
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south of Missoula, could yleld enough water to meet Mlséou-
la's demand, but an expensive distributlion system would have
to be developed.
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Introduction '

Several potentlal sources of water that could be developed
are within the vicinity of Missoula. The confluence of two
rivers, the Bltterroot and fhe Clark Fork, occurs In the south-
west portlon of the valley and the Blackfoot River joins the
Clark Fork just ten miles east of downtown Missoula. Numerous
creeks, Including Rattlesnake Creek, flow Into the valley from
the surrounding mountains recharging both the Clark Fork River
system and the groundwater supply Iin the Missoula Aquifer. Addi-
tional groundwater Is avallable from deeper aquifers within the
Missoula area and alluvial sediments. in large valleys adjacent to
the Missoula valley.

Development of one or several potential sources will be |Im-
Ited by financial and Institutional constraints. This section
describes the institutional barriers that could Impede the
development of potential auxiliary sources. Sources for whlch
the barrlers are found to be surmountabie are further analyzed In
Sectlon VI regardlng‘+helr economic feaslibility.

A. Clark Fork River

The Clark Fork River enters the valley from the east through
the Hellgate Canyon and flows through downtown Missoula before
exiting the valley at Huson. The river orlginates near Anaconda,
Montana, at the confluence of Silver Bow and Warm Springs Creeks,
130 miles upstream from Missoula. |I+ts dralnage basin [s commonly
divided Iinto three sectlions: the upper stretch from the headwa~
ters to the Milltown Dam facllity, the middle stretch from Mill-
town Dam to the confluence of the Flathead River (including the
Blackfoot and Bitterroot Basins), and the lower section from the
Flathead to its entrance Into Lake Pend Orielle In northern
Idaho. The river Is used for Irrigation throughout Its basin, as
a recreational outlet for fishing and floating along most of Its
reaches, and for Its hydropower capacity predominantly In the
lower stretfches.

Gage data upstream of Missoula (U.S.G.S. Gage #12340500)
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reveal an average annual discharge of 3,037 cfs or 1,963 miilion
gallons per day. Maximum flows usually occur In May or June and
low flows occur in mid-winter or in late summer or early fall.
The recorded low flow for thls station was In September 1937,
when only 340 cfs (220 mgpd) was recorded. The upper Clark Fork,
ifncluding the Bléckfoof dralnage, contains 5,999 square mliles
with approximately 130,000 acres under Irrigation (MDNRC,1986).
The Clark Fork and its tributaries are the maln source of water
for irrigators, utillizing up to one-fifth of the average annual
flow (463 mgpd).

‘Late summer Irrigation diversions reduce the flow and often
dry up tributarles of the Clark Fork endangering fish habltat.
In response, the Montana Department 6f Fish, Wiidlife, and Parks
(MDFWP) has appllied for a water reservation for the upper sectlon
of the Clark Fork to safeguard agalnst future depletion of the
water resource (MDFWP, 1986). The reservation would guarantee
in-streamflows to maintalin adequate flish habitat. |If the reser-
vation Is approved It will.not affect senlor wéfer users, as they
retain first cfalm to water use, but permit applications after
the approval of the reservatlon may face rejec+lon; An In-
streamflow reservation for the upper Clark Fork could guarantee
minimum flows into the MIssoula valley for possible consumptive
uses. However, MDFWP 1s currently gathering data on the middle
stretch of the Clark Fork for a similar reservation (MDFWP,
1987a). This type of classiflcation may prevent access to the
water resource by municipalities or other consumptive users.
Current estimates .for minimum in-streamflow requirements are 900
cfs in the MIssoula aresa.

Hydroelectric genérating facllities are the other chief
users of water on the Clark Fork River. Milltown Dam, Thompson

Falls Dam, and Noxon Rapids Dam all operate on the malin course of

the Clark Fork. The most limiting In terms of water rights Is
Washington Water Power Company's (WWP) Noxon Rapids Dam which has
appropriations of 50,000 cfs (32,316 mgpd) for opefa+lon of five

generating units. Average annual flow at Noxon Is 21,680 cfs
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much lower than Noxon Raplids capacity. A 1980 MDNRC memo demon-
strated that water In the Clark Fork would only be available 32
days a year In 7 out of ten years If WWP were to demand Its full
allocation (MDNRC, 1980). As yet WWP has not contested further
permitting In the Clark Fork Basin and Is unllkely to contest a
large consumptive permit or reservation until all rights are
decreed In the basin (WWP, 1987).

If water withdrawals the Missoula valley were limited to
this small window of avallablilty, off-stream storage would be
necessary to handle demand for the balance of the year. Utillz-
Iing a tributary for storage would Involve numerous obstacles such
as land acthslflon and an environmental assessment of the pro-
ject. A raw water intake system with continuous withdrawal from
the river would prove to be more feasible and less cos+lyv+han
additional storage development.

Recent court decislons have raised the question of water
avallabillity in the valley. Until water rights are decreed
throughout the valley it Is difficult to ascertain water availa-
bility. The discharge and proximity of the Clark Fork make the
river one of the most feasible potentlial! sources In the area. To
replace the current water supply, an estimated 50 mgpd would be
required to handie peak usage and possible population growth and
expanslon (MWC, 1987). Dlversion of the river's water would be
most feasible near Its entrance Into the valley at Hellgate Can-
yon. .
Conventional treatment of the water Is required because of
Montana Water Qualilty Bureau's B-1 classification of the Clark
Fork River (MDHES, 1982). Conventional treatment requires the
application of the processes of coagulation, sedimentation, fil-
tration, and chlorination. Water quallty of the Clark Fork Is
described in AppendIx E. '

' Without the constraints mentioned above, It Is estimated
that the Clark Fork River could supply Missoula with a peak sup-
ply of 50 mgpd and an annuél average of 30 mgpd.
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B. Bitterroot River Basin }
As part of the middle stretch of the Clark Fork Basin, the

Bitterroot River extends nearly 100 miles from Its headwaters In
the Bitterroot Range north to its confluence with the Clark Fork
(see Figure 1, page 6). The broad valley Is primarily devoted to
agriculture with 113,000 acres under lIrrigation In a basin of |
2,800 square mlles (MDNRC, 1986). The river Is also an Important
recreational resource for flishing and floating. The Bitterroot,
near its confluence with the Clark Fork, has an average annuai
dlscharge of 2334 cfs (1509 mgpd) (Geldon, 1979). Agrlcul*urei
~demands more than one~quarter of the flow averaging 432 mgpd
(MDNRC, 1986). Much of the diversion occurs during the summer
when contribution from snow meit has disappeared and the river Is
at its lowest levels. The river Is ungaged at Its mouth, but
recent sampllng has measured low flows of 250 cfs (162 mgpd) In
February of 1985 and 310 cfs (200 mgpd) In August of the same
year (MDHES, 1985). Malntenance of In-streamflows for fish
habitat may require up to 500 cfs.
~ The Bitterroot River and its tributaries are used primarily

for irrigation and stock watering. Many of the drainages feeding
the Bitterroot are already over allocated and some users lack the
water for irrigation during dry, hot summers. Irrigation
districts have often pufchased water from Palinted Rocks Reservoir
to augment their dwindling supply during dry summers. Palnted
Rocks Reservolr Is owned and operated by the Montana Department
of Natural Resources and Conservation and Is 90 miles south of
Missoula (see Figure 1, page 6). The MDFWP has made similar
purchases from the reservoir's operators to malntain minimum in-
streamflow levels for fish habltat (MDNRC, 1987). Although there
Is sufficlent flow for much of the year, the Bltterroot appears
to suffer from overdrafts In the summer, decreasing the avall-~-
ability and rellabllity of its water for a munlcipalisupply.

 Constraints similar to those on the Clark Fork apply to the
Blitterroot. Hydropower users may still request thelir full allot=-
ment, and priorlty users upstream will stli| have first access to
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the water. One possible alternative is purchasing water from the
Painted Rocks Reservolr and releasing the water into the Bitter-
root to be withdrawn near Missoula. An open system utillzing
Painted Rocks Reservoir as a source and the Bitterroot River as a
means of conveyance may face the problem of unregulated diver-
sions by lrriga+ors of the purchased water. This sort of propos-
al would require enforcement of diversions by a water commission-
er so that iIndividuals and agencles receive their full allotment
of water. A water commissioner, as established by Montana Water
Law, has the power to enforce the regulation of diversions and
arrest persons interfering with the distribution of the diverted
water. ' :
The MDFWP has made purchases of water from Painted Rocks
Reservolr for $2/acre-ft used for malintalning non-consumptive,
In-streamflow requirements. A long term purchase agreement for
the consumptive use of its waters by a Missoula area utility may
come at a higher cost. The cost of water varies considerably
throughout the west but recent purchases by Aibuquerque, NM
($29/af) and Las Vegas, NV ($150/af) demonstrate the value that
Is attached to the resource (WMU, 1987). MDNRC was unable to set
a potentlal cost of the water from Painted Rocks Reservolr for
this petition; however, for the purpose of developing the costs
of such a project, the low value of $2/acre-ft Is used.

The Bitterroot has a water quality rating similar to the
Clark Fork and would requlre the same level of conventional
treatment. Because of perlods of severe low flow the river could
not be considered as a continuous water supply, unless water Is
purchased from Painted Rocks. The reservoir has historically
released enough water to sufficliently replace the valley's water
supply (Tudor Englneerfng, 1982). A purchase agreement of 5000
af (acre-feet) per month could provide over 50 mgpd to the basin.
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C. Rattlesnake Creek

Rattlesnake Creek and its watershed encompass 79.7 square
miles just north of the city of Missoula. Most of the dralnage
Is designated as a wilderness and recreation area with the lower
valley bottom devoted to reslidentlal properfy. The creek main-
tains an average annual flow of 135 c¢fs (87 mgpd) and provided
water to the Missoula municipal water supply from 1875 until Its
closure iIn July of 1983. Currently there are some minor diver-
slions of the creek's water for agriculture, but the majority of
Its flow enters the Clark Fork close to downtown MIssoula near
the Van Buren St. Brildge (see Figure 2, page 7).

The operator of the muhlclpal system, Mountaln Water Compah;
y, retains rights to 115,000 af of the Rattlesnake's flow, an
average greater than 100 mgpd. The current capaclfyibf the sys-
tem is 36 mgpd, which equals the dellvery capacity of the two 30"
malns to the one million gallon storage reservolr at Waterworks
Hill. One of the two malns Is a wooden stave pipe and lacks
efficlent conveyance of water to the reservolir. Average dally
use. was approximately 10 mgpd when the system was in use. Since
the closure of the system In 13983, no water from the creek has
been supplied by MWC to Missoula area residents. '

Reestablishing the Rattlesnake drainage as a water source
will require the elimination or control of the Glardia contamina-
tlon. Two methods .of flltration, dlatomaceous earth and direct
filtration through a sand media, have been presented as the most
effective means of treatment (SSGE, 1984). Both of these methods
would require significant Improvements upon the exlsting treat-
ment facility. A less expensive means of providing "double bar-
rier" protection would add ozonation to the existing processesfof
chlorination and sedimentation. The SSGE study showed that ozon-
atlon may not effectively provide the required double barrier
treatment for surface waters (SSGE, 1984). An exemption from
current water quallty standards would be needed to reestabllsh
Rattlesnake Creek as a municlpal supply using only ozonation,
sedImentatlion, and chlorination in the treatment process. ‘
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The capaclity of the above mentioned conventional treatment
facility (with flltration) would function at an optimum capacity
of 10 mgpd. However, if MWC could obtain an exemption from
requiring filtration In the treatment process, they could operate
the facllity at double the above capaclity or 20 mgpd. These two
options for using water from Rattlesnake Creek are delineated In

the economic evaluation of potential sources.

D. Small Dralinages of the Missoula Valley

Numerous creeks flow out of the surrounding mountalins Into
the valley, but only a few maintain enough of a flow to be con-
slidered as a potentlal water supply. Many of these larger creeks
are presently over allocated and diversions for municipal use
could only occur when there is available water. Thlis could
requlire the development of an on-stream storage facllity, storing
water during high spring runoff.

The streams identifled Iin the table below are the maln con-
tributors of creek water into the Missoula valley. Several other
gulches and canyons l|lack sustalnable flows that could provide a

conslstent source for Missoula area residents.

TABLE 3
MAIN STREAMS FLOWING INTO THE MISSOULA VALLEY

Area Avg. Discharge Allocations*

(sq. mi.) (mgpd) (mgpd)
Grant Creek 28.3 27 . 2%% 105.71
O'Brien Creek 26.1 27 . 3%% 9.89
Miller Creek 59 33, 28%% 36.30
Pattee Creek 13.4 8.6%% 2.53

* from MDNRC, 1987b
¥#* from Geldon, 1979
*%*% gstimated using Geldon's method
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D.1 Grant Creek

Grant Creek flows Into the Missoula valley northwest of
downtown Missoula near the junctlon of 1-90 and Reserve St. At
Its entrance Into the valley much of its flow seeps Into the
" extremely permeable sediments of the valley. The dralnage area
consists of mountalnous forested land In the Lolo National Forest
and privately held residential and agricultural property in the
lower sectlons of Grant Creek.

Grant Creek Is used by a few reslidences as a drinking water
supply but has never been considered as a major water suppIyA+q
the rest of the valley because of its distance from fhe'popula-
tlon concentration and Its low discharges. The Rattlesnake and
Missoula Aquifer have always been consistent sources negating the
need of an alternative supply.

The creek malntalins an average annual flow of 27.2 mgpd but
"allocated rights to the water In that drainage are four times
that amount (MDNRC, 1987b). Because of the severe over alloca-
tion of water and Increasing pressures from new development upbn
the water supply, Grant Creek cannot be considered as a feaslblé

source.

D.2 O'Brien Creek _ A

O'Brien Creek drains primarily Lolo Natlional Forest land and
some private agricultural property In the creek bottoms. The
creek enters the valley from the Blue Mountaln area of the Bit-
terroot Range approximately six miles southwest of downtown Mls-
soula. It flows into the Bitterroot River one-half mile south of
the riverts confluence with the Clark Fork. |

O'Brien Creek has not been used or considered as a source
for the basfn's needs because of Its distance from the concentra-
tion of-pophlaflon and Its low dlscharge.

Over one-third of the water In the creek Is allocated for
agricultural uses, elther stock watering or irrigation. On paper
there appears to be about 17 mgpd available for further permit-
ting. Hdwever, present use of the creek's water Is at Its greafJ
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est demand when the flow Is at Its lowest. The source would not
be a reliable water supply during late spring and summer when
municipal use Is also peaking.

O'Brlien Creek could provide a portion of the valley's needs
but would require development of an on-stream storage reservolir.
Sizing of such a facility would vary according to site specifi~
catlons and actual water avallablillity. An extensive evaluation
of Impact upon present users would also be fequlred to Insure
there are no negative affects upon exlsting rights. Water qual-
ity of the creek is simllar to that of other small creeks In the

basin.

D.3 Miller Creek

Miller Creek does not directly flow Into the Missoula valley
but enters the Bltterroot River approximately flive miles south of
the Missoula city limlits. Land use in the dralnage varies from
agriculture In the valley bottoms, low density residences In the
low hills, to commercial forested land In the higher mountains.
Land ownership Is shared by the state of Montana, Champion inter-
natlional, and the U.S. Forest Service in the majority of the
drainage, while private iIndividuals retaln ownership in the creek
bottom. _

The creek has not been considered or used as a water supply
because of [ts distance from the population centers and Its low
discharge volume.

Allocation of water rights exceed the average annual flow of
the creek. New resldential developments have Increased the pres-
sure on the water system, often leaving senlor rights holders at
the mouth of the creek without water. Because of the heavy use
of Miller Creek water It cannot be conslidered as a feaslble
source of water for the Missoula area.

D.4 Pattee Creek
Pattee Creek enters the Missoula valley on the southeast
limits of the city of Missoula. Pattee Canyon Is used as a sub-
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urban community of Missoula with low density housing comprising
much of the land use In the dralnage. The state of Montana owns
property In the upper end of the drainage and It is used primar=-
Ily for recreation.

The creek has not been considered or used as a water source
for the valley's residents because of its relatively low volumes
of discharge. Residents of Pattee Canyon rely upon groundwater
for thelr drinking water supply but utilize an aquifer separate
from the Missoula Aqulifer. ' _ |

On the average, approximately 6 mgpd of water Is availabie
from the creek for permitting. I+s flow varies seasonally and
becomes appreclably low In the summer when the water would be In
high demand. Development of the creek as a source would require
construction of an on-stream storage reservolr. The siting of
sﬁch a project would be Consfrained by the numerous land owners
in the dralnage and would not be compatible with the exlisting
land use. Relocatlion of homes and famllles for such a small
source of water will cause such a project to be termed infeas-
ible.

E. Other Aquifer Sources
E.1 Renova Equlivalent and PreCambrian Belt Rocks

As mentioned earlier two other formatlions in the Missoula
valley have been Identified as water-bearing. waever. aqulfer
tests reveal very low specific yields and transmissivity values
for the Rehova Equivalent formation (Tertiary sediments) and the
Pre-Cambrian crystalllne bedrock (Geldon, 1979). Development of
these aqulfers would Involve much greater production costs assoc-
tated with lower ylelds and deeper drilling. The properties of A
these aquifers are presented In the section on the geohydrology
of the Missoula Aquifer. _

Groundwater In older Tertlary sediments Is currently supply-
ing water for domestic and agricultural needs In the hill slopes
surrounding the Missoula basin, Well drillers intercepting the
Missoula Aqulfer sediments wlll usually terminate the drilling
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prior to reaching the deeper Tertiary sediments.

No legal or adminlstrative constraints would hinder the
development of the source. However, well ylelds are significant-
ly less than what would be required to supply the MIssoula val-
ley. Because of these |Imitations, deeper aquifers within the
Missoula valley will not be considered as feasibie water sources.

E.2 Biltterroot Valley Alluvlial Sediments

The Bitterroot Valley exfends from Lolo to Darby, MT, a dis-
tance of 50 miles In length. The valley Is bounded by the Bit-
terroot Mountains to the west and the Sapphlire Mountains to the
east, malintaining an average width of seven miles., The Bltter-
root is primarily devoted to agricultural development, but sever-
al small towns occupy the valley, with Hamllton being the largest
with a population of about 3000. _

The valley represents a Late Cretaceous structural basin
fillled with Tertliary sediments. Quaternary alluvium, averaging
40 feet In thickness, overlies the Tertiary sediments along the
present course of the Bitterroot River. These Quaternary depos-
its represent the most abundant source of groundwater in the
valley but other deeper aquifers may yleld similar quanflffes of
water. An area along the floodplaln between the towns of Lolo
and Florence would present the best site for well field develop-
ment because of Its proxIimlity to the Missoula valley.

The source Is currently being used within the valley by
small community water systems and Individual wells for domestic,
Irrigation, and stock watering needs. Most of the wells are low
production (<100 gpm) and meet local residential needs.

Development of the source as a potential water supply faces
no legal or administrative constralnts except for a examination
of impact upon current users of surface and groundwaters. |If
potential development may demonstrate an Impact upon water sup-
plies the permit for Its use may be |imlited or rejected.

The amoun+ of water avallable from the alluvium or potential
ylelds of wells Is uncertain without testing the aquifer. It Is
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assumed that the sediments would have the capacity of ylelding
enough water to match peak demand of 50 mgpd. The feasibllity of
developling groundwater from an outside source Is constrained by
the development of a large capacity pipeline Into t+he basin.
Excluding the costs required for the plipeline, obtaining ease-
ments and englneering design may Impose signiflcant barriers to
development. For the purpose of providing an economlc assessment
of the project these constraints are ignored. A summary of
alternative drinking water sources is shown in Table 4.

TABLE 4
ALTERNATIVE DRINKING WATER SOURCES

Peak bAnnuaI Average
Rattlesnake Creek (Option 1) 7.5 10.0
Rattlesnake Creek (Option 2) 15.0 ' 20.0
Clark Fork River 50.0 30.0
Bitterrcot Rlver 50.0 30.0
Bitterroot Wellflield 50.0 30.0
O'Brien Reservolr 50,0 30.0
Current Withdraval from Missoula Aqulifer | 29.66 mépd
Infeasible Alternatives Constraints
Grant Creek ' _ Over-al located, lacks accessible
water supply
Mlller Creek _ Over-allocated, lacks accessible
water supply
Pattee Creek . Lacks reservolr s!fe, confllicting
land uses
Deeper Missoula Aqulifers Poor well ylelds
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V'l.

Economics of the Potentlal Sources

Executive Summary

Development of an alternative source of drinking water In
the Missoula Valley would involve large start up cost for
water treatment faclllities, adding distribution IInes to
unconnected areas and operation and maintenance costs. An
economic feaslblllty analysis was performed on all admini-
stratively. feasible alternatives. In order for a potential
source to be economically feasible the annual cost of devel=-
opment must be less than .6 percent of the mean annual
household Income. Based on average annual Income In the
Missoula Valley a source cannot be considered feasible If
the cost for 1000 gallons of delivered water exceeds $0.35.

The estimated costs for 1000 gallons of dellivered water from
the potential sources are:

a. Rattlesnake Creek =~ $.57 - .73

b. Clark Fork River -  $.75

C. Bitterroot River = $.76

d. Bitterroot Aquifer well fleld - $.67
e. O'Brien Creek - $.91 :

None of the potential drinking water sources In the area are
economically feasible. Development of a new water system
will always be very expensive, but the Missoula Aquifer ser-
vice area would require greater than average expense.
Extensive development of service lines in unconnected areas
would add nearly 28 cents to the total cost of producling
1000 gallons of water.

Currently water users In the Missoula Aquifer service area
pay between 10 and 20 dollars per month for water. |If
another source of water Is required to replace aqulifer water
Missoula area residents would face a substantial increase In
water costs.
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A. Feasibility of a Source

Currently the groundwater In the Missoula Aquifer Is the
sole source of drinkling water for the community. The Rattlesnake
dralnage Is the only other major source that has previously sup-
plied large quantities of water to the area's resldents. Devel-
opment of an alternative source would Involve large start up
costs for water treatment and for Improved distribution Ilnes In
unconnected areas. Distribution may represent the most Intensive
cost due to the relative low density .of housing In the western
half of the valley. Other costs that must be considered are
operation and maintenance (08M) of the treatment system and the
general operating costs In administering and managing the water
system. ’ |

The cost of each alternative Is expressed In cost/1000 gal-
lons treated and cost/1000 gallons delivered. This permits the
examinatlion of sources that lack the capability of producing
water for the entire system. It is projected that use In the
Missoula Aqulfer service area Is 30 mgpd or nearly eleven billion
gallons.annually; Design of a single treatment facllity must be
able to handle peak demand for the service area which Is estima-
ted to be 50 mgpd. _

Methods for developing costs for alternative sources are

further explained In Appendix F.

B. Rattlesnake Creek
B.1 Option 1 - Multiple Barrier Treatment with Filtration

The closure of thls source In 1983 prompted MWC to perform a
feasiblility study on Improving water treatment of Rattlesnake
water. Sanderson, Stewart, Gaston Englneering (SSGE) analyzed
several optlons available for. providing quallty drinking water at
the lowest cost. They showed that filtration treatment would be
required to be added to the present system to meet federal guide-
Ilnes and provide multiple barrier treatment (SSGE, 1984). A 10
mgpd plant would represent the optimum size for a full scale con-
ventional treatment plant. The costs were updated to 1986 dol-
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lars by Gerald Lukaslck of Mountaln Water Co.

Because this system would only be able to handle one-quarter
of the area'é demand, only that percentage of additional capital
development and general operating costs will be included. It Is
assumed an additional source would be required to provide the
remalnder of watéer demand and therefore would include the balance
of the addltional capital and general operating costs.

Multiple Barrier Treatment with Flltration: 10 mgpd

Initlal Capital Costs 3,400,000
Annualized Caplital Costs 340,000
0&M Treatment Costs 257.413
Annual Treatment Costs 597,413
Cost/1000 gals. treated water(@ 75% capaclity)=$0.2182
Capital Cost for Improving Distribution 31,674,000
Annualized Distr.(25% of system) 791,850
Operating Costs(25¢ of total) 620,816
Total Annual Costs 2,010,079

Cost/1000 gals. dellvered water=$0.7343

B.2 Option 2 - Improvements on Current System

The capacity of the existing system on the Rattliesnake Is 20
mgpd. The alternative presented here Is dependent upon the
exemption of the filtration treatment requirement by the state
Water Quality Bureau. |f MWC receives the exemption they wil|
most Iikely operate the system at full capacity (MWC, 1987). The
current system would require improving the sedimentation, ozona-
tlon, and chlorination facillitlies along with upgrading the Intake
system. The costs for improvements were developed by Gerald
Lukasick of MWC and represent the system at 10 mgpd production.
It Is assumed that costs for increasing production to 20 mgpd
will be minimal and are not considered. o

The system only ‘has the capacity of providing half of the
water demand to the area, and therefore only half of the costs
applied to the whole system are included. The balance of those
coéfs would be derived from an addltional source providing the
remainder of fhe‘valleyfs water demand.
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Existing system with mlnor improvements: 20 mgpd

initlal Capital Costs : 2,309,700
Annualized Capital Costs 230,970
Treatment 0&M Costs o 116,825
Annual Treatment Costs 347,795

Cost/1000 gals treated water (@ 75% capaclty)=$0.0635

Capital Costs for Distribution Improvements 31,674,000
Annuallzed Distr.(50% of system) 1,583,700
Operating Costs(50% of total) 1,241,633

Total Annual Costs 3,173,128

Cost/1000 gals dellvered water=3$0.5796

c. Clark Fork River

As a surface water supply the Clark Fork River would require
conventional treatment. The plant must have the capaclity of
meeting peak demand perliods which In the service area Is approxi-
mately 50 ﬁgpd. Average water production would only be 30 mgpd.
The cost for a plant of thils size is about $0.30/gallon/day to
Include land acquisition and plant construction (MWC, 1987). The
operation of a faclllty Includlng administration, management, and
delivery of the water system Is about $500/million gallons (MWC,
1987). The operation and malintenance of the treatment facllity
would represent nearly 55§ of the total operational costs.
Improvements on the distribution system would be required to pro-
vide service to the unconnected areas west and north of the Mis-
soula clty limits. The cost of delivering water to the 5279
households Is estimated to be $6000/household.

Conventional Treatment Plant: 50 mgpd capacity

Initial Caplital Costs 15,000,000
Annuallzed capltal 1,500,000
Treatment 0&M 1,095,550
Annual Treatment Costs - 2,595,550
Cost/1000 gals. treated water=$0.2370
‘Capital Distribution Improvements 31,674,000
Annuallzed Distr. Improvements 3,167,400
General Operating Costs :
Total! Annual Costs . 8,246,215

Cost/1000 gals. dellvered water=$0.7531
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D. Bitterroot River

The requirements for establishing the Bitterroot River as a
surface water supply would be similar to the Clark Fork. The
maln distinction would be the option of purchasing water from
Painted Rocks Reservolir to Improve the rellabillty of the source.
A treatment plant would have the capacity of 50 mgpd, peak demand
for the Missoula valley. The aréa west and north of the Missoula
clty limits would also require distribution lines to connect
these reslidents to the new water supply.

The MDFWP has purchased water from Palnted Rocks at $2/af
(MDNRC, 1987a). |If the Missoula valley were to enter Into a pur-
chasing agreement, the price Is assumed to be similar and that
value Is used here as an estimate.

Conventlonal Water Treatment Plant: So'ngpd

Initial Capital Costs 15,000,000
Annualized Capital 1,500,000
Treatment O&M 1,095,550
Purchased Water ($2/af, 35,000 af) 20,000
Annual Treatment Costs 2,665,550
Cost/1000 gals treated water=$0.2434
Capital Distribution Improvements 31,674,000
Annualized Distr. Improvements 3,167,400
General Operating Costs 2,483,265
Total Annual Costs 8,316,215

Cost/1000 gals dellvered water=$0.7595

E. Bitterroot Well Fleld

The Bitterroot Valley alluvium represents the nearest source
of abundant groundwafer'oufslde of the MIssoula Aquifer. Devel-
opment of the source would require a well fleld encompassing
about 640 acres along the Bitterroot floodplaln and roughly 18
wells with an average productlion capacity of 2000 gpm. At full
capaclity these wells would be able to meet peak demand perlods.
The cost of well development will vary considerably depending
upon geologlic conditlions, depth of the aquifer, well capacity,
and the availablllty of electricity to the site. The development
of wells In the northern end of the Blitterroot Valley would be
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similar to well development condltions for Stone Contaliner Cor-
poration's well fileld expansion for thelr Frenchtown Mil|. These
‘wells along the Clark Fork River typically produce 2000 gpm from
the alluvial sediments of the Missoula Aqulfer. Average cost for
development for each well was $200,000.

Development of a well fleld In the Bitterroot Valley would
also require a large transmission malin to deliver the water to
the basin. A 30" maln would average $100/foot including pumpling
and presSure reducling statlons (MWC, 1987). A well fleld south
of Lolo alohg the floodplaln would require over 63,000 feet or 12
miles of main. |t Is assumed that the water would not require
freafménf.

Well field O&M Is expected to be simllar to MWC's 1986 oper-
atlonal and malntenance cost of the Missoula area well fleld.

Well Flield: 18 Wells average capaclity of 2000 gpm

Initial Caplital Costs

18 Wells @ 2000 gpm ‘ 3,600,000
© 30" Transmission Main (12 miles) - 6,336,000
Improved Distribution _
Total Capital Costs 41,610,000
Annuallzed Capital Costs 4,161,000
Well Fleld (0&M) 686,735
General Operating Costs 2,483,265
Total Annual Costs 7,331,000

Cost/1000 gals dellvered water=$0.6695

F. O'Brlen Creek _ .
No water supply system is In place on the O'Brien Creek
dralnage and the development of a supply would require substan-
tial costs. Because of the relatively low discharges of O'Brien
Creek and diverslon of water for agricultural purposes, In-stream
storage would be required to guarantee the delivery of Its water.
Costs for developing an In-stream storage reservoir will vary
‘accordlng to site characteristics, avallable fiil material, and
the costs of replacing existing roads and structures. Studles of
reservblr development have not been performed in the Missoula
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area; however, studlies of reservolr development have been per-
formed on the Big Hole River in southwestern Montana. Costs for
developing a reservolr with the capacity of ylelding 25-35,000 af
annually range from $27-109/af. Four different sites with a
total of elght different reservolr sizes represented an average
annual cost of $59/af (MDNRC, 1981). It I's assumed that develop-
ment costs for an O'Brien Creek reservoir would be similar to the
average costs Iin the Blg Hole River dralnage.

~ Since O'Brlen Creek Is a surface water supply conventlonal
treatment of the source ﬁould be required. The development cost
of a 50 mgpd treatment facllf*y would be similar to potential
plants on the Clark Fork and Bitterroot. Improvements upon the
dellvery of water to residents unconnected to a central water
supply would also be required.

The Impact upon current users of O'Brien Creek must also be

measured. The development of a reservolr on the creek should not

prevent downstream users from accessing thelr water entitlement.

Reservolr (30,000 af yleld) and Conventional Treatment

Initial Caplital Costs -
Earth fIll Dam Reservolr 17,700,000

Conventional Treatment Plant 15,000,000
Total Caplital Costs ' 32,700,000
Annuallized Capital Costs 3,270,000
Treatment 0&M 1,095,550
Annual Treatment Costs 4,365,550
Cost/1000 gals treated water=$0.3987
Capital Distributlion Improvements 31,674,000
Annualized Distr. Improvements 3,167,400
General Operating Costs . 2,483,265
Total Annual Costs : 10,016,215

Cost/1000 gals dellvered water=$0.9147

G. Economic Feaslbllity of Potential Sources

In order for a'pofenflal source to be determined economi-
cally feaslible the annual costs of development must represent
less than 0.6% of the mean annual household Income or be approxli-
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mafety the same as current costs. The average holsehold lncome
for MIssoula County In 1984 was $26,447.50 (BBER, 1986). The
annual cost of developing an alternative supply cannot exceed the
aggregated Iincome of the 24,000 households in the aquifer service
area, or $3.8 mililon. The total demand for water in the service
area annually averages 30 mgpd or nearly eleven bllllon gallons
per year. The breaking point for producing this quantity at 0.6%
of the average household Income Is $0.3494/1000 ga]hons (see
Appendix F). | |

Thefpotenflal water development scenarios presented above
all exceed the economic feaslibillty of the area. Development of
a new water system will| always be represented by high costs, but
the Missoula Aquifer service area would require even greater
expense. Extensive development of service [lnes In unconnected
areas would add nearly 28 cents to the total cost of produclng
1000 gallons.

Currently water users In the Missoula Aqulifer service area
face moderate monthly water bills. The base rate of water use by
MWC's customers Is between $15 and $20 per month which represents
. 0.68 to 0.90 percent of the annualized mean household Income.
The monthly base rate for customers tied Iinto CFWC's Ilines Is
'$9.90. These sources are dependent upon water developed exclu-
sively from Missoula Aquifer groundwater. |f another source Is
required to replace this source, Missoula area resldents would
face conslderably higher water costs. For example, the least
costly replacement option would result In an Increased expendi-
ture equal to 1.78 percent of the annuallized mean income.

It 1s evident that the groundwater resource In the Missoula

Aqul fer represents a clean, rellable, and Inexpensive source of
drinking water for the residents of the valley. The community
could witness economic hardshlip if faced with developing one of

~ the alternatlives outlined in this document. The protection of
the groundwater resource appears to be not only a reason for pre-
serving a qwéllfy drinking water supply but a means to control
the escalating costs of water production for the Missoula area.
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residents. A summary of the economic feasliblllty of alternative

sources Is shown In Table 5.

Table 5
ECONOMICALLY FEASIBLE ALTERNATIVE SOURCES

Potential Alternatives = Unit Cost Feaslble
(per 1000 gal)

Rattlesnake Option 1 _ $ 0.7343 ‘ na

| Rattlesnake Option 2 $ 0.57¢96 no
Clark Fork River $ 0.7531 no
Bitterroot River $ 0.7595 no
Bitterroot Wellflield $ 0.6820 no
O'Brien Creek Reservolr $ 0.9147 no

v
/

Breaking Point Unlt Cost = § 0.3494/1000 gal delivered water
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viit.

AQUIFER INFORMATION AND LOCATION

Executlive Summary

The Missoula Valley Is a closed Intermontane depression
bounded by mountains on four sides. The highlands surround-
ing the valley exhiblt a ridge and ravine landscape that has
evolved slnce the Miocene epoch about 5.3 million years ago.
The climate Is semi-arid with an average annual precipita-
tion of about 13 Inches and the landscape Is water absorbent
with very little surface runoff. ‘

The Clark Fork River drains the Valley as It flows westward
with a gradient of 10 feet per mile. Several smaller
streams enter the valley from the surrounding mountains.,

The Missoula Valley formed as a result of horizontal exten-
sion after Laramlde thrusting which occurred between 97 and
52 milllion years ago. The Valley Is covered by alluvial and
lacustrine sediments of the Quaternary age. The foothills

- around the valley are composed of fine gralned sediments

derived fron periods of deposition when the valley was
internally dralned during the Tertiary period 43 to 5 mll-

Ilon years ago.

Four slignificant stratigraphlic subdivisions are present and
the first three are marked by major unconformities. They
include: 1) Fanglomerates of the pre-Renova formation equi-
valent on the valley margins, 2) the ash-rich Renova forma-
tion equivalent which underlles the valley bottom, 3) the
coarse clastlic Six Mile Creek formation on the foothills,
and 4) Quaternary lake sllts and alluvial gravels.

Missoula Valley residents use three sources of groundwater.
These sources Include: 1) fractured Precambrian Belt Super-
group rocks, 2) Renova equivalent sediments, and 3) the
coarse alluvium which Is exposed at the surface on the val-=-
ley floor. Use of the bedrock and Renova equlivalent [s gen-
erally limited to the valley margins because of low well
yields; most of the wells In the Valley terminate in the
coarse alluvium which comprises the Missoula Aquifer.

-The package of coarse sediments overlylng the Renova forma-

tion Is called the Missoula Aquifer. The aquifer exhlbits
tremendous transmissivity values and ylelds almost 10 bil-
lton gallons of water to valley wells annually.
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A. Physlography, Climate, and Geomorphology

The Missoula Valley Is a closed Intermontane depression
- which trends N55°w, Is approximately 20 miles long, tapering from
8.5 ml at the southern end In the vicinity of Missoula to about
one mile at its northwestern end near Huson (Filgure 1, page 6).
The City of Missoula Is located In the eastern end of the valley
and covers an area of approximately 35 square miles (Figure 1).
The Missoula basin Is bounded by the Rattlesnake Hills to the
north, the Sapphlire Mountalns to the east, the Bitterroot
Mountains to the south and on the west and east by narrow valleys
of Clark Fork River alluvlum.

The climate Iin the Missoula Valley Is semlarlid. Winter is
dominated by Paclfic maritime air which occaslonally Is displaced
by cold continental alr dralning through the Clark Fork Valley.
The long-term average annual precipitation Is 13.29 in (NOAA,
©1985). Peak preclipitation occurs In May and June, and February
and March are the driest months. High Intensity convective
storms in July and August may also contribute significant preclip-
Itation., _

The hlghlands surrounding the valley exhibit a ridge and
ravine landscape. The landscape Is relatively recent, evplvlng
since the Miocene Epoch, about 5.3 million years ago. It Is a
water absorbent landscape with |ittle natural surface runoff.

The Missoula valley Is dralned by the Clark Fork and Bitter~
root Rivers. The Clark Fork River enferslfhe valley from the
east through the 1,500 ft deep Hellgate Canyon. The river flows
westward for about eight miles meeting the Bitterroot River at
Kelly Island. The Clark Fork River has a gradlent of 10.4 f1/ml.
The Bitterroot River enters the valley In the south central por-
tlon. I+ flows northwest for 4.5 miles at a gradlient of 5.2
ft/ml before Joining the Clark Fork Rlver. Several smaller
streams enter the valley from the surrounding highlands, fInclud-~
ing Rattlesnake Creek, Grant Creek, O'Brien Creek, Pattee Creek,
Butler Creek, LaValle Creek, O'Keefe Creek and Mil|l Creek.

The topography of the valley floor Is dominated by river
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terraces and glaclal Lake Missoula bottom sediments. Twenty foot
scarps separate the terraces and the present flood plains of the
Clark Fork River and Bitterroot River (Geldon, 1979), and land-
scapes draped with Lake Missoula sediments form broad plalns and
dissected plalns. Bedrock outilers |ike McCauley Butte also
occur in the valley bottom. Other features include meander scars
and oxbow cutoffs along the courses of the Clark Fork and
Bifferropf rivers. |

B. Surface Water Hydrology.

The Clark Fork River Is gaged above and below Missoula by
the U.S. Geological Survey. The gaging station above Missoula Is
located 1,000 ft down-river from the Bandman Bridge 2.8 miles
east of Missoula. The station below Missoula Is located 1.0
miles down-river of the confluence with the Bitterroot River 4.5
miles west of Missoula. Both have been gaged continuously since
1929. :

The gaging station above Missoula records a 5,999 mi2 drain-
~age area. Mean annual discharge is 3,051 cubic feet per second
(cfs) (USGS, 1984).. A maximum discharge of 32,300 cfs occurred
on June 21, 1975; a minimum 340 cfs occurred on September 27,
1937. Monthly mean dlschérge'based on 56 years of data (1930 to
1986) varied from 1,596 cfs Iin December, to 8,740 cfs in June
reflecting the influence of spring rains and snow melt.

The gaging statlon below Missoula Incorporates both the
Clark Fork Rlver and Bitterroot River and has a 9,003 miZ draln-
age area. Approximately 3000 mi2 is drained by the Bitterroot
" River. Mean annual discharge is 5,547 cfs (USGS, 1984). A max-
Imum discharge of 52,800 cfs occurred on"May 23, 1948; the mini-
mum was 388 cfs on January 18, 1933. The Bitterrcot Rlver -was
gaged independentily from 1898 to 1905 from a bridge four miles
southwest of Missoula. For the period of record discharge was
3,260 cfs (USGS, 1975). Geldon (1979) estimates the mean annual
discharge for the Blitterroot River as 2,339 cfs. | )

Rattlesnake Creek was gaged from 1959 to 1967 at the Vine
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Street bridge In Missoula. The dralnage area-is 79.7 mi2. Mean
annual dlscharge for the period was 110 cfs (USGS, 1975). Using
USGS gaging data for 1959 to 1967, |inear regression agalinst the
Clark Fork River from 1967 to 1977, and accounting for diverted
water by the Montana Power Cohpany from 1967 to 1977, Geldon
(1979) estimates annual discharge as 135 cfs.

Smaller creeks such as O'Brien Creek, Pattee Creek and Grant
Creek have not been gaged by the USGS. Geldon (1979) estimates
discharge for O'Brien and Pattee Creeks by using mean annual
precipitation and drainage area data. He then compares this o
Rattlesnake Creek's discharge per square mile and mean annual
preclplféflon. Mean annual discharges are 42 cfs for O'Brien
Creek ana 13 cfs for Pattee Creek. Independent stream gaging of
Grant Creek by du Breull (1983) provided a mean annual discharge
of 30 cfs. No stream gagling data are avalilable for other small
creeks In the region.

C. Geology v

The Missoula=Nine Mile Valley Is belleved to have formed as
a result of horizontal extension after Laramide thrusting which
occurred between late Cretaceous and middie Eocene time, 97.5 to
52 million years ago (Flelds and others, 1985). The horizontal
extension resulited in normal faulting which extends parallel to
the faces of Mount Jumbo and Mount Sentinel and the Clark Fork
Fault which Is exposed on the north side of the valley (Figure
10).

The Missoula Valley Is covered by alluvial and lacustrine
sediments of Quaternary age, 1.6 milllon years ago to the present
(Figure 10). The low rolling foot hills surrounding the valley
floor are principally composed of fine gralined sediments derived
from periods of deposlition when the valley was internally drained
during the Tertlary period, 43 to 5.3 million years ago. The
prominent Mount Jumbo and Mount Sentinel to the easfland the
mqunfaln ranges surrounding the valley are composed of Precam-

brian metasediments of the Belt+ Supergroup, 0.8 to 1.6 billion
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GEOLOGICAL MAP OF MISSOULA VALLEY
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years In age (Hall, 1968).

The Cenozolc sediments (43 milllon years ago to the present)’
of the Missoula Valley are continental clastic basin-fill depos-
its. The valley was fllled with sediment twice and the sediment
was partially removed twice. Surface exposures of Tertiary sedi-
ments are -poor and infrequent. The sediments range In size from
clay to coarse gravel. They unconformably overlle pre-basin Pre-
cambrian Belt Supergroup metasediments. Up to 2,500 feet of Ter-
tiary sediments are preserved In the valley (McMurtrey, et al.,
1965). A north-south dlagrammatic sectlon of the valley is
presented In Figure 3 (page 8)., Four significant stratigraphic
subdivisions are present and the first three are separated by
major unconformitlies. They Include: 1) fanglomerates of the
pre~-Renova Formation equivalent which are bellieved to be limited
to the valley's margins, ? to 43 milllion years, 2) the fine
gralned ash-rich Renova Formation equivalent which underlies the
valley bottom, 43 to 20 million years, 3) the coarse clastic
Sixmlle Creek Formation equivalent which Is found on the foot
hills In places and may be overlying buried Renova Formation In
the valley bottom, 20 to 5.3 milllon years, and 4) Quaternary
lake silts and alluvial gravels, 1.6 milllon to the present. A
summary of the Cenozolc geblogy taken from work by McMur'trey and
o+hers.(1965), Kuenzl and Flelds (1971), Ftelds (1981), Thompson
and others (1982), Wehrenberg (1983), Flelds and others (1985),
and fleld observations in the valley by Clark are detailed In
Appendix G.

D. Groundwater Hydrology .

- The Missoula Valley residents use three sources of
groundwater. These sources Include: fractured Precambrian Belt
Supergroup rocks, Renova equivalent sediments, and the coarse
alluvium which Is exposed at the surface on the valley floor.
Use of the fractured bedrock aquifer and the Renova equlivalent
are generally restricted to the valley margins. The sand and
gravel of the valley floor Is fhe.prlncipal source of
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groundwater.

The bedrock, for all practical purposes, Is Impermeable and
wells provide water that Is transmitted by fracture systems.

Well ylelds are generally about 1 gpm. However, in the Hayes
Creek area during a four hour aquifer test, a well provided 17
gpm (Bayuk,'1987). Wells finished In bedrock range in depth from
38 to over 1,000 feet. Geldon (1979) reports an average speclfic
capacity of 0.11 gallons per minute per foot of drawdown
(gpm/ft). Analysis of driller's reports In the Hayes Creek area
provide speciflic capacitles varylng from 0.5 to 35 gpm/ft. Bayuk
(1987) noted that the yield decreased with depth. The deepest
wells, about 300 ft+, had the lowest speclflic capacities.

The Renova equivalent occurs on the valley flanks and
beneath the Missoula Aquifer. Discontinuous lenses df sand and
~gravel, usually less than 10 feet thick, provide water under
artesian conditions. The sands and gravels are confined by silts
and clays, and generally transmit less than 20 gpm’(Geldon,
1979). Barclay (1986) detailed the hydrogeology of the Ninemile
Valley and reported the average yleld of 32 wells finished In the
Renova sediments to be 11.3 gpm with a range of 0.5 to 45 gpm.
Finstick (1986) found similar values for Renova equlivalent sedi-
ments in the Bitterroot valley near Victor. However, In the.
final design of a newly constructed Mountalin Water Company well
on South Avenue, two zones of sand and gravel In the Renova equi-
valent, each three feet thick, were perforated and yleided 75 gpm
when the well was developed. Geldon (1979) reports hydraullc
conductivities (K) averaging 165 gallons per day per foot squared
(gpd/f?z), speciflic capacities of 0.51 gpm/ft+, and a storage
coefficlent of .0001, Barclay (1986) reported an average K of
300 gpd/ft2 with a range of 0.08 to 1,900 gpd/f+2.

- Both the Precambrian and Renova geologic material generally
yleld small quantities of water to welis. They are utlllzed for
domestic supplies because other more productive sources are
usually not avallable away from the valley bottom. |In some small
valleys saturated alluvium is available; however, the quanflfy of
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water Is |imited (Barclay, 1986). The principle Interest to the
majority of residents in the Missoula valley Is the saturated
coarse sand and gravel material which overlles the finer gralned
Renova sediments In the valley bottom. The coarse sediments
include Plelstocene and Recent alluvial sediments and may>encom-
pass some portlon of Miocene Six Mile Creek Formation at Its
base. Age-wlise these deposits are described as Miocene (?) to

- Recent undifferentiated. Regardless of the difficulty In clas~
slfylng the sand and gravel with respect to time, the geologic
package has the common hydrologlic properties which allow lumping
the formation Into one hydrosfrafigraphlc unit deslgnéfed the
Missoula Aquifer (Table 6). This materlial ylelds over 9.7 bli=-
Ilon gallons of water annually to wells supplying the clty area
and water to over 2,000 Indlvidual dwellings. Geldon (1979)
reported the 150 ft of sand, gravel, cobbles and boulders have an
average K of 5,100_gpd/f+2, speclflc capacities of over 3,000
gpm/ft+ and transmissivitles of over 1,000,000 gpd/ft. Aquifer
storage coefflclents ranged from 0.11 to 0.35.
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TABLE 6

HYDROSTRATIGRAPHY OF THE MISSOULA BASIN

Hydrostratigraphlc

Unlt Age Thickness(ft) Description

— -

Missoula Aqulfer Miocene (?)
to Recent

Tertlary Late Eocene
Sediments Early Mlocene (?)

Precambrian Precambrian
Bedrock

110 to 150

2,500 to
5,000

>10,000

Sand, gravel,

and boulders with
some slit and
clay. Clasts well
rounded. Wells
yleld up to 7,000

gpm.

Clay with imbedded
and Interbedded
sand and gravel.
Clay blue, gray,
brown, tan and
red. Local coal
and volcanic ash.,
Wells average less
than 20 gpm, up to
45 gpm.

Quartzite, red and
green argliliite,
and carbonates.
Water Is from
fractures, typic~-
ally less than 1
gpm, up to 17 gpm.

E. Water Quality

‘Bayuk (1987) reported water quality data for the Precambrian

Bedrock Hydrostratigraphic Unit.

The water

is a calclum bicarbo-

nate type. The natural TDS ranges from 290 to 350 mg/l. This
water quallty Is characteristic of a bedrock aquifer near the

basin highlands that act as a recharge area to the system. It

may not represent bedrock water quality 2,000+ ft+ below the val-

ley floor assumlng open fracturés are present to transmit water

to a well. I+ Is anticlpated that water would be considerably

higher In TDS.
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Water found in the Tertiary Sediment Hydrostratigraphic Unit
Is characterized by a calclum~bicarbonate type. The TDS is gen-
erally less than 500 mg/1 (Geldon, 1979; Juday and Keller, 1979).
lron concentrations typlcally exceeded the 0.30 mg/! drinking
water standards. In an attempt to describe the circulation time
of groundwater in the Tertiary sediments, Geldon used +he
calclum:stlica ratios. He found they averaged 0.64 for
groundwater contalined in these sediments and concluded that the
water took a longer time to circulate through the system than
shallower water In the MIssoula Adulfer.

Water derived from the Missoula Aqulfer is of good chemical
quality. The water quality Is well within EPA Drinking Water
Standards. Juday and Keller (1979), the Montana State Water
Quality Bureau (WQB), Hydrometrics (1984) and Mountain Water Com-
pany have analyzed water quallty In the vafley. They colleéfed
water samples from private wells, the Clark Fork River, and from
faucets connected to the water dfsfrlbU#lon system.

The groundwa?er'ls a calclum-bicarbonate type water. It Is
moderately hard as expréssed by the sum of calclium and magnesium
lon concentrations. Total dissolved solids (TDS) are usually
less than 350 milligrams per Iiter (mg/l). Chlorlde lon concen=-
trations are less than 10 mg/l‘andksulfa+e Is less than 30 mg/!|.
‘Ranges in pH are from 6.8 to 8.5. Geldon (1979) reports calclum
to sllica ratios, averaging 2.3. This implles a more rapid cir=-
culatlion of groundwater. The ratio decreases southwestward away
from the Clark. Fork River. Flgure 11 shows stIff diagrams of
major lons for samples Collecfedvby Clark In 1986.

Seasonally, wells near the Clark Fork River near downtown
Missoula show 60% fluctuations in TDS which reflect the TDS \
changes in the Clark Fork River (Hydrometrics, 1984). Staff of
the WOB collect an annual groundﬁafer sample in the Missoula Val-
ley. Water Is drawn from faucets connected to the water distri-
bution system, which represents water from some of the 27 munici-
pal wells in the valley, and up until the summer of 1983, Rattle-
snake Creek water. Mountain Water Company also monitors water
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quallty in the valley. Flfty-four bacteriological samples are
collected each month which represents about 2 samples per well.
Every 4 years MWC tests Its wells for Inorganic chemlcal constit-
uents. They al so sample the Clark Fork River perliodically for
base l1lne data.
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GEOMETRY, STRATIGRAPHY AND HYDROLOGIC PROPERTIES
Executlive Summary

The Missoula Aquifer averages between 110 to 190 feet thick
and covers approximately 75 square miles. 1[It Is bounded by
the topographic break in stope in plan view and by the lith=-
ologlic contact with deep Renova formatlion sediments In
cross-sectlonal view. The saturated thickness of the aquli-
fer ranges from 50 to 170 feet. The depth to water ranges
from less than 10 feet near the river to about 50 feet In
the eastern part of the valley. A

The Missoula Aqulfer consists of three laterally discontinu-
ous stratigraphlic units. Unit one forms the surface of much
of the valley floor. |t Is composed of 10 to 30 feet of
coarse cobbles, boulders, sand and silt, but lacks abundant
fine grained sediments., Thls unlt was probably deposited In
a fluvial environment.

Unit two consists of silty sandy clay with gravel and sand
lenses. The relatlve Increase In fine grained sediments of
this unlit Is thought to be related to Plelstocene glaclal
lake Missoula. These fine gralned lacustrine deposits
appear to interflinger with coarse gravel deposits and are
pinched out or missing In some areas. Unlt three Is domi-
nated by coarse grained sediments: however, flne gralned
sediments appear to be interlayered with the coarser sedi-
ments. Most wells in the Valley are finished in unit three.

The hydrologic properties of the Missoula Aquifer vary
depending on the stratigraphic unit. Units one and three
exhibit very similar properties, while unit two generally
has much lower values. Units one and three have values of:
n= ,197, Sy = .110 - .115; b for unit 1 = 10-30 f+, unit 3 =
50-150 ft.; K=10,300 - 25,500 gpd/ft+<, T= 103,000 -
1,710,900 gpd/ft. Unit two has values of: b= 40 ft; K= 200
gpd/ft4; T= 8,000 gpd/ft. The values of m and Sy for unit
two are unknown.
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A. Geometry of the Aqulfer

The geologic map presented In Figure 10 (page.72) shows the
surface extent of the aquifer which forms the valley floor. The
aqul fer covers approximately 75 mi2, I+s boundaries In both
plan and cross sectional view are dellneated by topographic and
Iithologlc changes. The aqulfer boundary Indicated in Figure 10
represents the boundary between bedrock or Tertlary sediments and
the coarser sand and gravel layers of the Missoula Aqulfer
Hydrostratigraphic Unit.
| The base of the aquifer Is Interpreted from two criterlia: 1)
-the change from a éoarse sand and gravel sequence to a sequence
dominated by silt+s and clays, and 2) data on well design and well
ylelds. Underlying Tertlary clays were expected to vary In color
- and dominate the Ilfhology. The contact between the coarse sedi~-
ments and the flner gralined Tertiary was Interpreted to also be
coincident with the base of the deepest zone ylelding water to
wells. Generally, it was felt that the driller's on site obser-
vation of sand and gravel productivity and reduction In bore hole
yleld when the finer sediment was encountered, partlally gulded
the final depth of the well and location of perforafed zones. It
‘was assumed wells In the valley typically would be perforated or
left open ended in the Missoula Aquifer sediments as water Is
much more easlly obtalned from the coarse sediment.

Only a small percentage of the wells were Interpreted to
fully penetrate the coarse aquifer and most of these were associ-
ated with Mountain Water Company and Stone Corporation wells con=-
centrated in the eastern and central portlion of the valley.

Ldmg!tudlnal and transverse geologlcvcross sectlon of the
- aquifer were Interpreted from well logs. Detalled cross sec-
tions of the Missoula valley are presented in Figures 13 - 22,
The locatlion of generalized longitudlnal and transverse cross
sections are shown in Figure 12.

On the average, the Missoula Aqulfer [s between 110'and 140
feet thick In +he eastern portion of the valley and up to 190
feet thick in the central and western portlions of the valley.
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GENERALIZED LOCATION MAP OF CROSS SECTIONS
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CROSS SECTION BASED ON WELL LOGS
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'CROSS SECTION BASED ON WELL LOGS
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'CROSS SECTION BASED ON WELL LOGS
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These thickness values Include the unsaturated portion of the
coarse geologlic package. The saturated thickness of the aqulifer
ranges from 50 to 170 feet In the majority of the valley. The
depth to water Is typlcally 50 to 70 feet in the eastern portion
of the valley, similar dep+hs in the western and central portion
of the valley, and about 10 feet near +ﬁe Ciark Fork River out=-
side of the Missoula area. The water table Is closest to the
surface, 10 to 30 feet, adjacent to the streams and In +he'sou+h-
western portion of the valley. The Missoula Aquifer sediments
appear to be between 100 and 200 feet thick depending on the spa-
tlal location In the valley. However, the saturated portion of
the coarse sediments is closer to 50 feet Iin the central valley
and at the northern margin. The portion of the aqulfer l|ocated
where Grant Creek sediments merge with the maln Mlssoulé Valley
Is an exception to the generallfres mentloned above. The coarse
sedimenfsvare over 200 feet thick. When Grant creek is actively
récharglng the aquifer In the spring, the saturated portion near
the mouth of the Grant Creek valley is 130 to 150 feet thick with
one site recorded as 197 feet (Pottinger, 1987). In the west
central portion of the valley, gravel layers are up to 50 feet
thick but typically are less than 30 feet.

B. Stratigraphy of the Aquifer

Morgan (1986) Interpreted a stratigraphy of the eastern por-
tion of the Missoula Aqulfer from his extensive review of dril-
ler's reports. Grimestad (1977) described the aquifer strati-
graphy In the central portion of the valley. Table 7 shows the
generallzed Missoula basin stratigraphy.

MorganA(1986) described four stratigraphlic unlts based sole-
ly on well log information. The first of which correlates with
the Tertlary Sediment Hydrostratigraphic Unit and the other three
are ln+erpreted to be part of the Missoula Aqulfer Hydrostratl-
graphlc Unit., Morgan's (1986) description of the stratigraphic
units which are part of the Missoula Aquifer are applicable to
the entire aqulfer and are presented in Table 8. These units
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TRABLE 7

HISSOULA BASIN STRATIGRAPHY

HAXI HUH AREAR IN
HAP THICKNESS BRASIN
AGE FORHATION SYHBOL x CFEETY CACRESD DESCRIPTION
Holocene Active Qa 20 4,535 Silt, s=and, gravel and cobbles in floodplains of
Alluviun Bitterroot and Clark Fork Rivers and Rattlesnake Creek
Hol ocene Fan ALLuviun QF 80 588 Clay, silt, sand, gravel and cobbles
Pleistocene Landslide Ql1s S00 1,264 Clay, sand, and gravel derived from Tertiary and
Alluviun Pleistocens sedinments
Younger Qtya 40 4,344 Yellow broun to beige silt, sand and gravel underlying
Terrace louwer terraces along Bitterroot and Clark Fork Rivers
Alluviun and Rattlesnake Creek
Pleistocene Older Qtoa 90 12,593 Yellow broun, pink and beige sand, clay, and gravel Qs>
: tervace capped with broun gravel; forms upper terraces along Clark
alluviun Fork and Bitterroot Rivers and tributary creeks
Lake Hissoula 01 115 2,016 Varved pink clay and beige silt with yellouwish sand interbeds.
Sedinents .
Glacial till at unknon &8 Clay, silt, sand, gravel, cobbles, boulders Cunsortedd
Pleistocene Bench gravels o?g 245 8,056 Tan, brown, red broun, and orange cobbly gravel, silty
Pliocene gravel, silty gravel, silt, and sand unconformably overlying
Renova Frn. and Precambrian rocks on benches flanking basin
Hiocene Renova Ts 2,500 3,113 Partially to fully consolidated variegated claystone, silt
Dligocene Equivalent stone, sandstone, conglonerate, and lignite
Canbrian Unnaned Happed Dolonite
uith
Red Lion Fn Belt Gray silty dolo-nite and dolomitic siltstone owverlain by
Series laninated gray limestone and siltstone
2,800
Hasrark Fn Gray dolonite
Silver Hill Fn Green shale and glauconitic sand stone overlain by gray linme
stone and shale
Upper Hissoula 156,000 Red, purple, pink, and green sandy argillité. siltite,
Precanbrian Group argillaceous quartzite, and quartzite
0.8 to 1.6 Per 80,183
Billiond
Hall ace: 9,000 Greenish gray and gray linmyargillite, inpure lime stone,
Formation siltite, and quartzite

% - As found in Figure S, page 18, Ge;don. 1979
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have been renumbered referring to the Missoula Aquifer Hydrostra-
tigraphic Unit only.
TABLE 8
MISSOULA AQUIFER HYDROSTRATIGRAPHIC UNITS

Unit Description

Unit One: - Interbedded large gravel (cobblestones
to boulders), small gravel, sand, siit
and some clay. Thickness from 10 t+o 30
ft+, found at land surface and |s under~
lain by Unit Two. »

Unit Two: _Tan to Yellow slilty, sandy clay wlith
local layers of coarse sand and gravel.
Thickness averages 100 to 160 ft+ In
center of the basin, 50 to 100 ft+ in the
eastern area and Is usually overlaln by
Unit One and underliain by Unit Three.It
Is exposed at |land surface In some por-
tions of the basin.

Unit Thres: Interbedded gravel!, sand, slilt and clay.
Unlt seems to be coarser at the bottom.
Thickness varles from 50 to 100 f+. in
the eastern portion of the basin and Is
typlcally less than 30 ft In the cen-
tral and western area. Forms the base
of the aquifer.

Cross sectlion schematlcs showing the sediment types dominating

each unit In the valley are shown in Figures 13 - 22 (pages 83-
92). A description of each unit which Includes a discussion of
the potential deposlflonal environment follows.

Unit One forms the surface of much of the valley floor. |t
is composed of 10 to 30 feet of coarse boulders, cobbles, sand
and silt and lacks the abundant flne sediments of Unit Two. It
Is characterlzed by large cobbles and boulders which drillers
report as belng tough to drill| through. Grain size analyses of
samples were performed and results are presented in Table 9
(Clark, 1986). o ' -
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TABLE 9
SIEVE ANALYSES RESULTS
Sample 1 _ Sample 2 Sample 3  Sample 4

Effective - 0.50 0.55 4.0 0.55
diameter (mm) :

Mean ' 19.8 53,5 79.7 60.3
diameter (mm)

Untformity 44 91 30 104
coeffliclent '

Inclusive 2.31 2.92 . 3.18 2.74
graphilc

standard

deviation ~

(phi)

Thls portion of the aquifer was probably deposited In a flu-
vial environment. Sediments exposed at the University of Montana
stadlium excavation contain very large boulders Interbedded with
sand, gravel and slilt. This unit appears to have been deposited
by aggrading river systems charged with glacial meltwaters pro-
bably during the last stages of the Plelistocene.

The overall lithology of Unit Two Is a yellow to ftan silty,
sandy clay with gravel and sand lenses. It Is Impossible to |
determine the detailed stratigraphy from the well logs, but dril-
lers indicate a predominance of tan clay and gravel. They typic-
ally describe the Unit as clay, sand and gravel. However,
Instead of cuttings of clay typically being returned durlng dril-
ling through this unit, drillers observe water returned with the
coarse cuttings Is a cloudy tan to pink color which is recorded
as the presence of clay. Samples of the finer portions of the
cutting look very similar to lake sediments observed In outcrop
and cuttings of Unit Two in the central and western part of the
valiey. Few wells are developed In this unit. Based on the
gross l1thology énd presence of the tan clay, thls unit Is Inter-
preted as being genetically related to Pleistocene Glaclial Lake
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Missoula sediments which outcrop In the northwestern part of the
valley. Lake sediments were deposited in the basin and on the
flanks of the basin. At least 36 lake fillings have been [Inter-
preted from study of outcrops of lake sediments In the 3,600 mi2
area covered by the lake (Wehrenberg,1983). During the flillling
and emptyling process Interfingering with alluvial fans, stream
channels and delta deposits produced a complicated stratigraphy.
Over 150 ft+ of Unit Two fine gralned lake sediments overlle gra-
vel In the western portion of the valley. These sediments appear
to interfinger with the coarser but still fine graln dominated
Unit Two sediments found In the eastern portions of the basin.
'The si1t and clay deposits are pinched out or missing by coarser
fluvial deposits in some areas. ,

Unit Three is dominated by coarse-gralded sediments, especi-
ally In the base of the unlt. However, many well logs describe
the unit as contalning clay, sand and gravel. Tan fine grained
sedIments appear to be Iintermixed or interlayered with much
coarser sediments. The percentage of flines to coarse materlal
must be fairly low as wells pumping over 3,000 gpm can be devel-
oped from the eastern portion of this unit. Yields of a few hun-
dred to a few thousand gallons per minute are more typical of
wells finished In Unit Three In the central and western valley.
Most wells in the valley are developed in Unit Three. The sedi-
ments probably represent channel lag, point bar and floodplain
deposit from a large fluvial network. Morphologically simllar
deposlts are found In the present Clark Fork River channel and
floodplaln. It Is Interpreted that the large fiuvial system
elther developed from glaclal meltwater in the Plelstocene time
or they were deposited by late Mlocene to Pliocene fluvial sys-
tems. These waters swept through the valley and deposited and
reworked sediments in the system that must have aggraded In order
to leave such a thick package of sediments,

In summary, the Missoula Aquifer appears to contaln an
Interpretable stratigraphy. The coarse cobble laden solls found
In much of the valley reflect the presence of Unit One. A zone
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dominated by finer sediment which stll| contalns sand and gravel
appears to underiie most of the basin area. The cross sections
show that the thickness of this unit Is highly varlable and iIn

some places it Is Interpreted as not being present. Underlyling

Unit Two Is a coarse sequence of sediments which may Include some
finer lenses of silt and clay. It Is this lower unit which Is
typically developed for water supply. This Is apparently because
it Is'usually saturated. Unit Two contains too much fine materi-
al for the development of productive wells and Unit One Is either’
unsaturated or If saturated is viewed as the water most easlly'
contaminated and thus Is not developed.

c. Hydrologic Properties of the Aquifer

Characterizatlon of the hydrologlc properties of the Missou-
la Aquifer was accomplished by reviewing the literature, Inter-
preting drillers' reports and conducting fleld and laboratory
testing. A detalled accounting of data used to support the fol-
lowing summary of aquifer properties Is found In Appendix H.

Estimates of aqulfer propertles are generalized in Table 10.
The depositional environment of the aquifer makes It difflcult to
generalized hydraulic propertles. As Is evidenced In Figures 13
- 22, aquifer properties vary horizontally and based on the dis-
cusslon above, vertically as well,.
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TABLE 10

ESTIMATES OF AQUIFER PROPERTIES

Missoula Aquifer  n@  syb b kd T®
Untt (f+)  (gpd/f12) (gpd/f+t)
1 0.197 0.115 10 - 30 10,300 103,000 -

310,000
2 —— - 40 200 8,000
3 0.196 0.10 50 - 150 10,300 - 750,000 -
25,500 1,710,000
Vertical
970 -
2,100
': Porosity
Specific yleld
3 Saturated thickness
e Hydraullc conductivity

Transmissivity

The hydraullc properties assigned to Unit+ One are based on
the permeameter testing data presented by Clark (1986). Thick-
ness data was reporfed by Morgan (1986). Transmissivity values
were obtained by multipiication of K by b. Properties of Unit
Two rely on specific capacity and saturated thickness data com=-
piled by Morgan (1986). Hydraullc conductivity was obtained by
averaging interpretations of Morgan's data and Grimestad's (1977)
value for hls Intermediate unit. The transmissivity value was
derived by multipllication of K by b. The porosity of Unit Three
was derived from the permeameter work of Clark (1986). The spe-
ciflc yleid was estimated from the permeameter data and aquifer
test results conducted by Clark (1986) ahd the work by McMurtrey
and others (1965). Aqulfer thickness Is presented as a range
based generally on work by Clark (1986), Morgan (1986) and
Pottinger (1987). Hydraullic conductivity Is presented as a
range. The low value corresponds to permeameter results (Clark,
1986) and the higher value Is based on the average calculated
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from Mountalin Water Company well speciflc capaclty data. Verti-
cal hydraullc conductivity values are reported as ranges based on
Clark's (1986) aquifer tests. These values are 5 to 26 times
less than the hydraulic conductivity of an Isotroplc homogeneous
aquifer. The range of transmissivity values 1s based on the over
all average T calculated from all specific capaclity data and the
higher value Is based on the average of transmissivities calcu-
lated from only Mountain Water Company wells. Clark's (1986)
aquifer test results bracket the selected values.

All of the values glven In Table 10 are Intended to serve as
a general description of the Missoula Aquifer. The aquifer Is
composed of materials that make it highly conductive. Unit Two
appears to be significantly lower In transmissive abillity; how-
ever, Its actual range In hydraullc properties and spatlal varia-
tion throughout the study area are not well understood. Hydrau-
llc conductlvity and transmissivity values appear extremely high
for Unit Three. However, operation of large producflon wells In
this unit support the large values. Well MWC 34, located adja-
cent to the Clark Fork River, which pumps at 7,000 gpm, typlically
has less than elight feet of drawdown at the well. Other wells
located away from the river area yleld 250 and 2,500 gpm with one
and six feet of drawdown respectively.

Generally, It was felt that aquifer properties derlived from
aquifer tests, permeameter experiments and driller's log analyses
are most accurate. Hydraulic conductivity values calculated from
sleve analyses were rejected because the technliques are Intended
for sands and not coarse sand and gravel, and the K values are
probably too high. '
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AQUIFER RECHARGE AND DISCHARGE
Executive Summary

Groundwater flows away from the Clark Fork River In the Mis-
soula area and towards the River west of the confluence of

- +he Bltterroot and Clark Fork Rivers. The water table

typically Is at Its highest elevation In June and July and
at Its lowest In February and March. Average groundwater

veloclties In the Missoula area have been esflmafed at slx

feet per day.
Water recharges the aquifer by a number of mechanisms:

1) Direct precipitation on the aquifer.

- 2) Discharge from adjacent Tertlary and bedrock units,

3) Recharge from influent streams
4) Storm water through storm dralns

5) Septlic systems through drain flelds

Recharge from influent streams represents over 50% of the
total recharge to the system. The Clark Fork River alone
provides 46% of the annual recharge. Lateral Inflow from
adjacent sediments accounts for 24% of total recharge and
other sources, such as irrigation and water line leakage,
account for the remainder. Total annual recharge to the
aquifer Is estimated to be almost 88,000 acre-feet per year.

DIlscharge from the aquifer occurs by the following
mechanlisms:

1) Evapotransplration

2) Base flow to streams

3) Pumping wells

Note: The rates of discharge from fhe aqulfer have not been
quantifled.

Several streams enter the Missoula Valley and have an Influ-
ent sectlon that contributes recharge to the aquifer. Pol-
lutants entering the stream above the Influent sectlion can
reach the aquifer with recharge water.

The Clark Fork River is by far the mosf'slgnlflcanf Iinfluent
stream with respect to the Missoula Aquifer as It accounts
for 46% of total recharge and loses an average of 14% of Its
flow annually to the aquifer. The Clark Fork Is influent
for about three miles of the aqulifer. The stream source
area for the Clark Fork covers nearly 7,200 square miles.
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A. Recharge and Discharge '

A water table map for the entlre aquifer area Is presented
in Figure 23. This surface Is based on work completed by
McMurtrey and others (1965). Groundwater flows away from the
Clark Fork Rlver In the Missoula area and towards the Clark Fork
River past the confluence of the Bitterroot and Clark Fork
Rivers. More recent work by Clark (1986) for the Missoula area
Is presented In Figures 24 and 25. These potentiometric surfaces
show the chaﬁge in the water table from August to February.
Hydrographs of a number of wells In the Missoula valley area are
presented In Figure 26. They show that the water table typlically
peaks In June and July and Is the lowest in February and March.
Average groundwater veloclities have been estimated at six feet
per day In the Missoula areé (Geldon, 1979).

Water recharges the Missoula Aquifer Hydrostratigraphlic Unit
by a number of mechanlisms:

1. Direct precipitation on the aquifer

2. Discharge from adjacent Tertliary Sediment and Bedrock
Hydrostratigraphic Units

3. Recharge from Iinfluent streams

4, Storm water recharge

5. Septic systems

Recharge by precipitation on the unconfined aquifer has not
been quantified. It Is belleved that If recharge occurs as a
result of direct precipitation, It is in the spring assoclated
with snow melt and spring rainfall. Once July begins, probably
all water not entering storm water systems Is evapotranspired.

By November, the ground becomes frozen, not thawing until about
March. _

Recharge by lateral Inflow from adjacent valley sediments
‘which outcrop at topographically higher elevations Is Important.
Spring precipltation and the melting of winter snow pack comprise
the principal recharge to the Bedrock and Tertlary hydrostrati-

- graphic units. At the valley marglins, groundwater Is transmitted

into the MIssoula Aquifer by the adjacent upiand sedIiments.

Equlpotential Ilnes Indicate a source of recharge from the moun-

tainous terraln north of the valley (Figure 23). These sedIments
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Bose compiled by U.S. Forest Service, 1959
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do yleld small volumes of water to wells and equipotential sur-
faces in these sediments are higher than in the Missoula Aqulifer.
The annual groundwater discharge from the northern boundary
was estimated by using a cross sectional area equal to the length
of the northern side of the valley from Rattlesnake Creek to
Huson. For the area from Rattlesnake Creek to one mile west of
Grant Creek an aquifer thickness of 75 feet, a hydraulic conduc-
tivity of 100 ft+/d and a hydraullc gradlent of 0.006 were used
(Pottinger,1987). An aquifer thickness of 100 ft+ and a hydrau-
llc conductivity value of 27 ft/d was used for the remainder of
the area. The lower of the two hydraullc conductivity values was
used because Unit Two sediments appear to dominate the Tertiary-
Missoula Aquifer contact in the central and western portions of

the valley. A hydraullc gradient of approximately 0.006 was mea-

sured from the potentiometric surface presented by McMurtrey and
others (1965). Lateral Inflow to the Missoula Aquifer along the
northern border was estimated to be 6.8 billlon gallons annually.

Some minor recharge may also occur from the east-southeast-
ern hills and from underliylng formations; however, these sources
are unquantifled.

The Rattlesnake Creek valley receives lateral Inflow from
bedrock and Tertliary sediments and from leakage from Rattlesnake
Creek. Sendler (1986) estimated that 42,000 to 50,000 ff3/d of
groundwater discharged from the Rattlesnake drainage Into the
Clark Fork Rlver Valley. This Indicates recharge to the aqulifer
In the Rattiesnake Creek Valley area is at least 114 mliillon gal-
lons annually.

Recharge from influent streams Is an Important mechanism In
the eastern portion of the aquifer. The Clark Fork River loses
water to the aquifer over a three mile reach as I+ enters the
valley. Clark (1986) conducted a mass balance study of the Clark
Fork River which revealed an average of 14% of the flow, 36 mii-
Ilfon gallons per day, recharges the aqulfer (Figure 27).

Grant Creek Is an influent stream which enters the valley from
the north. du Breull (1983) estimated énnual'groundwa*er
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recharge from Grant Creek seepage at 1.6 X 109 gallons. Smaller
streams such as Paftee Creek, Butler Creek, O'Keefe Creek,'Mlll
Creek and La Valle Creek also are Influent. Thelr recharge rates
have not been quantified.

Storm water runoff in the Missoula area Is channeled Into
2,669 dry wells which allow water to percolate to the water
table. Woessner and Wogsland (1987) estimate that 119 million
gallons of water are Injected annually.

Septic systems serve all but the main Missoula metropolitan
area. Several thousand septic systems are found In the valley.
Ver Hey (1987) measured dally loading at abut 250 gal per day per
household. About 12 milllon‘gallons of septic wastes recharge
the aquifer per year.

Geldon (1979) attempted to quantify the seepage from Irri-
gation ditches and percolation of water in Irrigated areas for
the Immedlate area around Missoula. Though values have not been
derived for the entire aqulifer, hls results provide an order of
magnltude approximation of the Importance of recharge from irri-
gation practices. He estimated lrflgaflon practices accounted
for approximately 8,500 acre feet of aquifer recharge annually.

In the Missoula area served by Mountaln Water Company, water
transmission lline losses are estimated to be about 50%. This
leakage results In over 4 billlon gallons of recharge annually In
the Missoula area.

Table 11 presents a summary of the sources of recharge to
the MIssoula aquifer. '
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TABLE 11
ESTIMATES OF RECHARGE TO THE MISSOULA AQUIFER

Source acft/yr 4 of total
Septic Systems ' 36 <0.01
Rattlesnake Creek Valley - 350 - 0.4
Storm Water* 365 0.4
Grant Creek¥*#* 4,900 v 5.6
Irrigation#*s 8,500 9.7
Mountalin Water IIlne loss 12,300 14
Lateral Inflow, North 20,990 ‘ 24
Clark Fork Rlver | 40,300 46

TOTAL 87,741 99.7

¥MIssoula area
**no other creeks quantifled
¥x*only In the immediate Missoula area

~

Water discharges from the aquifer in the following ways:
evapotranspiration, wells, and base flow to streams. Evapotrans-
piration discharges have not been quantified. Numerous
phreatophytes, cottonwood and willows, border most streams.
Flelds near the Bitterroot River and Clark Fork west of the con-~
fluence of the Bitterroot and Clark Fork rivers, are supplied
water during the growing season by a near surface water table and
are sub-Irrigated. '

Introductory material discusses the number and withdrawal
rates of wells. No further discusslion will be presented here.

The Bitterroot River recelves discharge from the southwest-
erly flowing alluvial groundwater system. Streamfiow In the
Clark Fork gélns from the copfldence.of the Bitterroot to Huson.
South~southwesterly flowing groundwater discharges to the Clark
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Fork River In the central and western portions of the valley.
The rates of discharge have not been quantifled.
Numerical Groundwater Modeling of the MIssoula Aquifer

A numerical groundwater model of the Missoula area is cur-
rently under construction. |Initial steady state runs required
recharge from the adjacent Tertlary Sediments, Clark Fork River
and Grant Creek. Discharge Is assigned to Mountaln Water wells
and flow to the Clark Fork and Bltterroot rivers. Transmission
Ilne loss which récharges the aquifer Is handled by reducing
pumpling rates by about one half.

Pottinger (1987) constructed a numerical flow mode! of a two
square mile area near the mouth of Grant Creek. HIs model repro-
duced seasonal water table fluctuations by assigning proper aqul-
fer properties, allowing Grant Creek, the Clark Fork Rlver and
lateral recharge from the northern boundary with the Tertiary
"sediments to recharge the aquifer. He also developed a solute
transport model which predicted the migration paths of two herbi=-
cldes which contaminated local wells.

To date, models support the Identifled sources of recharge
to the Missoula aquifer In the Missoula area. Additional model-
ing efforts will occur In the Missoula area over the next year.

The Missoula Aquifer recelves recharge from a number of
Influent streams. Sendler (1986) estimated that groundwater dis-
charge from leakage from Rattlesnake Creek and groundwater dis-
charging to the Missoula Aquifer to be 42,000 to 50,000 f+3/4.
du Breull (1983) attempted to quantify the recharge to the aqui-
fer contributed by Grant Creek. His work.showed that about 4,900
acft were recharged annually. Most other small streams entering
the Missoula Valley are Influent In all or part of thelir reaches.
They certalinly contribute recharge to the aquifer system; how-
ever, the recharge rates have not been quantified. The source
areas for these streams are located within the aqulifer recharge
area. These smaller dralnages are Identifled In Figure 1 (page
6). However, the most Important source area in terms of the
quantity of aqulifer recharge is that of the Clark Fork River. It
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Is the focus of this section.

The Clark Fork River Is anvlnflueht‘sfream.over about three
miles of aqulfer. Cilark (1986).prépared a Master's of Science
theslis which quantifled the stream loss. The streamflow source
area for the Clark Fork River above Mlssoula covers approximately
7,200 mi? (Figure 28). A summary of Clark's me*hodélogy-and
results follows. . . »

Surface water/groundwater Interaction was Investigated by
lnferpfefing river stage and water table fluctuations, comparing
surface water and groundwater chemistry, developling a surtace
water mass balance model, lnferpreflng aquifer test data for the
influence of @ river recharge boundary and numerlically modellng
fhe river-aquifer system. ' ,

In Aprll 1985, Clark Iinitiated a sfudy of +he sfage versus
discharge relaflonshlps for the Clark Fork River and Rattlesnake
Creek. He expanded the study In May fd fnclude water diverted
from the Clark Fork River by fhree Irrigation diversions. In
June, two locations were added on the Bitterroot River, ALl
gaglng sites are-ldcafed at bridges. He also monitored a number
of wells adjacemf to +hé river and throughout the east side of
- the valley measurlng water levels and water quality parameters
(Clark, 1986). »

The discharge lost from the river calculafed from the mass
balance equation Is presented In a number of figures which are

based on Clark's (1986) work. Flgure 29 shows the relatlonship
-of discharge lost from the Clark Fork River versus the time April
1, 1985 through May, 1986. In ad&tflon, the sTagé measured as
the river enters the valley Is lncluded to show how. dlscharge
‘lost from the rlver relates to sfage.~ The dlscharge lost gener-
ally colncides with river stage, varylng from 1,315 cfs on April
20, 1985 to 45 cfs on February 3, 1986. The figure shows that
the peak in dlsch@rge lost from the river Is before peak river
stage. A possible explanation Is that the river bed was_"flushed
clean®™ by an early April discharge event. The Clark Fork River
discharge Increased from 2,170 cfs on April 6 to 5,340 cfs on
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April 19, 1985. Thls Increase may have removed fine material and
algae, which allowed maximum river bed leakage with a relatively
high river bed permeability.

The position of the water table relative to the river sur-
face also seems to control leakage rates (see Figure 30 for the
location of the wells). During lowest groundwater levels and low
river levels on February 3, 1986, the gradlent between MV-34 and
the river surface was 0.15 (25.2 feet of head difference in 172
feet). Between MV-36 and the river on the same day the gradient
was 0.37 (23 feet of head dlfference In 62 feet). By May 5,
1986, as both river and groundwater levels Increased, the gradi-
ents decreased to 0.12 at MV-34 and 0.34 at MV-36. This suggests
that at high flows the gradlient between the river and water table
decreases. Although the observed gradient changes are small, the
gradient may Influence leakage rates most at low groundwater
levels. |f true, this theory Is probably applicable In tate July
and late August when discharge lost seems disproportionally high.
This may be due to low'groundwafer levels causing a high gradient
between the river and water table which may have allowed more
leakage.

Figure 27 (page 108) Iis a plot of the discharge lost from
-the river as a percent of the Clark Fork River discharge at the
east end of the valley. With considerable variation, average
discharge lost 1Is 13.7 § of the Clark Fork River discharge.

Note that the same 3 anomalles (late April, July and August) are
present. This figure indicates that a simple river stage versus
river leakage relationship Is probably Inappropriate for the
Clark Fork River for the three mile reach.

_ Water chemistry results show a strong similarity between

the inorganic chemistry of the Clark Fork River and the ground-
water. Figure 11 (page 78) Is a hap of stiff dlagrams represent-
ing gross lonlic chemistry at both surface and groundwater sampl-
ing locations. Groundwater In the study area Is very similar to
Clark Fork River water. However, I+ Is dissimilar to Bltterroot
River water and water Iin the Rattlesnake Creek. These data
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support potentiometric maps showing groundwater moving away-from
the Clark Fork Rlver.

Potentliometric maps (Figures 23 - 25, pages 103-105) show
that the Clark Fork River Is perched above the adjacent water
table and provides water to the aqulfer. Due to a high hydraullc
conductivity the gradient between the rlvef and water table Is
steep. On May 5, 1986 the water table gradient was 0.36 In 62
feet from the river to well MV-34 172 ft away. Elsewhere In the
valley the gradient Is 0.0009. The potentiometric surface on
February 28, 1986, at lowest groundwater levels during the study,
had shifted toward the Clark Fork River from the position on
August 22, 1985. The most profound shift was nearest the Clark
Fork River. This suggests a reduction In recharge rates from the
river. The seasonal shift In the potentlometric surface
Indicates that the groundwater system seems to react to varla-
"tions In river recharge rates. '
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"X,

PETITION AREAS
Executive Summary

Thls streamfliow source area is deflined as the "upstream
headwaters of losing streams that flow Into the recharge
area." For the Missoula Aqulifer, thls area conslsts of two
parts: 1) the area on the north side of the valley between
the deslignated area and the watershed dlivide; and 2) the
watershed of the Clark Fork rlver upstream from the canyon
at the mouth of the Missoula Valley.

The designated area Is defined as the "surface area above
the aquifer and its recharge areas." The deslgnated area
for the Missoula Aquifer includes the areas of recharge from
influent streams, as well as those areas In the north and
east foothills that provlde recharge to the aquifer through
lateral Inflow.

The project review area Is defined as the "area within which
Federal financlally assisted projects wlil be reviewed,
which includes the designated area and all or a portion of
the streamflow source area." For the Mlssoula Aqulfer, thls
area has been defined as all of the designated area and a
portlion of the streamflow source area within a fifteen mlle
radius of Missoula.



A. Streamflow Source Area
Because most of the streams entering the Missoula Valley

have Influent stretches that provide direct recharge to the Mis-
soula Aqulfer, surface water quallty In these streams is very
Important. Sectlon X descrlibes and quantifies Aquifer recharge
from Influent streams.

The streamflow source area ls defined as the "upstream head-
waters of losing streams that flow Into the recharge area." For
the Missoula Aquifer, the streamflow source area Is composed of
two major parts: 1) the area on the North slide of the valley
between the deslignated area and the watershed divide. This area
includes the headwaters of Rattlesnake Creek, Grant Creek, La
Valile Creek, Butler Creek and other small creeks entering the
valley from the North; and 2) the watershed of the Clark Fork
River upstream from Hellgate Canyon. (See Flgure 28, page 113),

Theoretlically, any contaminant introduced Into a surface
water within the streamflow source éould enter the Aquifer wilth
recharge water and negatively affect aquifer water quality. An
example of the transport of pollutants over the entire distance
of the streamflow source area can be seen In the Milltown Reser-
voir, Just east of Missoula where heavy metals have migrated wilth
sediments in the Clark Fork River from near Butte and Anaconda,
120 miles away. The Mil|ltown Dam has acted as an effective bar-
rter to some types of contaminants, but probably would do Iittle
to help prevent dissolved contaminants from reachling the Aquifer.

The area along the Clark Fork River upstream from Missoula
to near the drainage divide at Butte has historically been assoc-
lated with surface water pollution. Mining and smelting of copF
per, silver and gold, llvestock production, agricultural prac-
tices, timber productlion, and waste disposal, have all severely
Impacted the Clark Fork River water quality over the years. The
Clark Fork could not support aquatic life until well Into the era
of water quality reguliation. Reports of the river running red
with heavy metal contaminated sediments were common prior to the
1960's.
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Currently, 5 Superfund sltes with 51 operable units are
located along the Ciark Fork River upstream from Missoula. For
these reasons, activities In the Clark Fork River streamfiow
source area are of major concern. The streamflow source area of
the Influent streams on the north side of the valley are
generally of much less concern than the Clark Fork source area
because of the relatively small recharge contribution from
smaller Influent streams. The developed portions of the upper
Rattlesnake dralnage and Grant Creek dralnage outside the
deslgnated area have potentlal to Impact aquifer water quality.
The majority of the area between the designated area and the
watershed divide Is public land managed by the U.S. Forest
Service and the upper Rattlesnake drainage Is a designated
wilderness area (see Figure 28, page 113).

B. Designated Area

The deslgnated area Is defined as the "surface area above
the Aquifer and Iits recharge areas." The sources of recharge to
the Aquifer were discussed In detall In Section X. The designat-
ed area for the Missoula Aquifer is shown In Figure 2 (page 7).
The designated area includes the areas of recharge from influent
sfreaﬁs, as well as those areas in +hé north and east foothllls
that provide recharge to the Aquifer through lateral Inflow.

cC. Project Review Area

The Project Review area is defined as the "area within
Federal flnancially-assisted projJects will be reviewed, which
~Includes the designated area and all or a portion of the -
streamflow source area." For the Missoula Aquifer, this area has
been defined as all of the deslignated area and the porfldn of the
streamflow source area within a 15 mlle radlus of Missoula (see
Figure 31).

This represents the area In which major development projects
are most likely to have an Impact on Missoula Aquifer water qual-
ity. One aréa of concern not Included In the proposed proJecf
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review area Is the portion of the Clark Fork River streamf | ow
source area further upstream of the proposed project review area.
Including this area in the project review area Is an alternative
to the current proposal.

The proposed boundary was located near the Missoula County
Line because It colncides with the petitioner's administrative
authority and because, In the assessment of Missoula City-County
Heal th Déparfmenf staff, there Is a decreasing gradient of the
potentlal Impact to the aquifer from surface water contamination
In the upstream directlon., _

In addition, the streamflow source area upstream of Missoula
encompassés near)y 7,200 square miles and It may not be reallstic
or practical to ask EPA to review projecfé within the entire
streamflow source area.
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APPENDIX A
CHEMICAL ANALYSIS OF COMMUNITY WATER SUPPLIES
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APPENDIX A
CHEMICAL CONSTITUENTS OF COMMUNITY WELLS
(MG/L except PH) '

SAMPLING SITE : WATER SUPPLY NAME

PH " CA c03 CL NA  FE PB AS
TDS MG HCO3 F X SE MN AG
NO3-N HARD ALK S04 BA cD Hg CR
GLESSNER TR. CRT 7.8 73 6.0 <.01 <.005 .004
11/04/85 #405 12 165 .1 <.002 <.005 <.01
: g9 234 135 9.0 3 001 <.0002 <.005
SORREL SPRINGS 8.0 36 8.0 <¢.01 <.005 .004
103/25/86 #518 9 163 1 <.002 <.005 <.01
1.1 133 134 5.0 2 <.001 <.0002 <.005
SUNSET WEST-MSLA. 7.6 20 9.0 <.01 <.005 <.001
02/17/87 #1857 7 102 2 <.002 <.005 <.01
9 80 84 6.0 1 <.001 <.0002 <.005
VALLEY VIEW TR. CRT. 7.1 66 © 20.0 <.01 <.005 .004
FRENCHTOWN . 24 307 .2 <.002 <.005 <.01
11/04/85 #404 .8 266 252 38.0 .3 <.001 <.0002 <.005
BIRCHWOOD DEPLEXES 7.6 51 4 6.0 .26 .005  <.005
10/28/85 #2537 12 ~ 189 1 <.002 .006 <.01
7 179 155 22.0 2 <.001 <.0002 <.005
BUENA VISTA TR. CRT. 7.0 8 1.0 <.01 <.005 <.001
03/05/86 #378 3 52 <.1 <.002 <.005 <.01
1 36 43 2.0 0 <.001 <.0002 <.005
counrnvsrnz CRT. 7.6 59 11.0 <.01 <.005 <.001
10/30/85 #376 : 17 235  <.1 <.002 <.005 <.01
1.9 223 193 11.0 6 <.001 <.0002 <.005
ECONOMY WEST MOTEL 7.9 45 | 5.0 <.01 <.005 <.001
01/07/86 #870 12 171 <.1 <.002 <.005 <.01
4 164 140 12.0 .3 <.001 <.0002 <.005
ELMAR ESTATES 8.3 51 7.0 <.02 <.005 <.001
05/ /86 #517 16 <. 1 <.002 <.005 <.01
1.2 195 160 19.0 .4 002 <.0002 <.005
ELMAR TRAILER CRT. 7.0 11 2.0 <.01 <.005 <.,001
10/30/85 #2517 4 71 <.1 <.002 <.005 <.01
1 47 58 2.0 0 002 <.0002 <.005
FUTURA PARK : 7.9 43 6.0 <.01 <.005 <.001
03/03/86 #374 17 211 <.1 <.002 <.005 <.01
: - .5 181 173 6.0 1 <.001 <.0002 <.00-
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FORT MISSOULA 7.5 58 5.0 8.0 <.10 .001 <.005
08/12/85 #3159 384.0 17 266 .1 <.001 <.03 <.02
1.4 216 218 23.0 2 000 <.0002 <.025

WESTERN WATER CO. 7.7 51 ‘ 8.0 <.01 <.005 <.001
MILLER CREEK 14 201 <.1 <.002 <.005 <.01
02/27/86 #293 1.5 191 165 16.0 .3 <.001 <.000Z2 <.005
GOODAN-KEIL ESTATES 7.8 38 13.0 <.01 <.005 <.001
02/13/86 #2393 13 185 2 <.002 <.005 03
8 152 152 6.0 1 <.001 <.0002 <.005

GRASS VALLEY TR. CRT. 7.9 52 12.0 <.005 <.002
03/20/84 #436 235 <.1 <.002 <.01
2.1 193 6 <.001 <.0002 <.005

GREENFIELD TR CRT. 8.0 54 7.0 <.01 <.005 <.001
03/11/86 #373 , 15 198 .1 <.002 <.005 <.01"
: 1.4 199 162 17.0 4 <.001 <.0002 <.005

HELLGATE TR. CRT. 7.7 48 5.0 <.01 <.005 <.001
10/25/85 #2635 12 184 <.1 <.002 <.005 <.01
1.2 173 151 13.0 4 <.001 <.0002 <.005

HIDDEN HEIGHTS 7.6 36 3.0 <.01 <.005 .001
04/21/86 #2120 11 148 <.1 <.002 <.005 <.01
2 139 121 2.0 3 <.001 <.0002 <.005

HOLLYWOOD TR. CRT. 7.6 53 6.0 <.01 <.05 <.001
02/10/86 #454 12 193 <.1 <.002 <.005 <.01
1.3 186 158 9.0 3 <.001 <.0002 <.005

HOWARD HORTON DUPLEX 7.7 41 12.0 <.005 <.001
04/02/84 #2634 192 2 <.002 <.01
4.7 157 5 <.001 <.0002 <.005

TWITE DUPLEXES 7.8 51 7.0 <.01 <.005 <.001
2727 W. CENTRAL 13 185 1 <.002 <.005 <.01
03/31/86 #829 0 183 152 21.0 2 .001 <.0002 <.005
TWITE DUPLEXES 7.5 51 6.0 <.01 <.005 <.001
WYOMING 12 185 .1 <.002 <.005 <.01
10/28/85 #2540 .7 181 1562 24.0 .2 <.001 <.0002 <.005
TWITE DUPLEXES 7.6 51 6.0 .01 <.005 <.001
SO. 7TH ST. : ' 14 189 .2 <.002 <.005 <.01
04/01/87 #2541 .8 187 155 21.0 .2 <.001 <.0002 <.005
MSLA. VILLAGE WEST 7.4 29 14.0 .18 <.005 .001
03/20/87 #3012 9 152 3 <.002 <.005 <.01
5 113 125 7.0 0 <.001 <.0002 <.005
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NORTH DAVIS DUPLEX
03/14/84 #2121

RAMER WATER SUPPLY
01/27/86 #575

TARGET RANGE TR CRT.

03/19/84 #367
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LONG MACHINERY

SID 459 VALLEY WEST

03/26/86 #2580

WAYSIDE MANOR
01/29/86 #380

WESTVIEW PARK
03/05/86 #437

Numerical
Averages
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APPENDIX B
CENSUS DATA

127



Two sources were used for estimating the population and
average household Income in the aquifer service area. U.S.
Census Data for 1980 provided a breakdown of Missoula County by
census tract, enumeration district, and block group to develop an
accurate estimate of the aqulfer service area population. The
population by census tract and source of water Is deplicted In
Table B-1.

The 1980 census Is an accurate représenfaflon of the current
population as data from the Bureau of Business and Economic
Research (BBER) shows little change Iin the county population from
1980 fo 1986. |

BBER has also provided estImates of per capita Income and
average household size based upon Department of Commerce data.
For 1984 per capita income of Missoula County residents was
$10,579 and there was an average of 2.5 people per household.
Average household Tncome for 1984 was $26,447.50. These values
are expressed In tables B-2 and B-3.

POPULATION MISSOULA COUNTY (1980) - 76,016

POPULATION CITY OF MISSOULA (1980) 33,388
POPULATION MISSOULA AQUIFER SERVICE AREA_._______ 60,282
PER CAPITA INCOME MISSOULA COUNTY $10,579.00
AVERAGE HOUSEHOLD SIZE . 2.5

PER HOUSEHOLD INCOME MISSOULA COUNTY $26,447.50
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TABLE B -1

MISSOULA AIBTFER SERVICE AREA

CENSUS T RACT POPULILAT TOR

CEHSUS  POPULATION HITHIN MSLA  OUTSIDE NSLA  SERVED 8Y SERVED RY THDIVIDUAL HISSOULA OTHER SRC

TRACT CITY LINITS  CITY LINITS  MMC UTIL CFHC UTIL MELL/SYSTEM  AQUIFER
1 4904 1368 3516 4932 - 72 4832 7
2.00 4752 4737 15 3832 - 920 4752 -
2.02 3563 43 3520 - - - 3563 3563 -
3 2094 209 - 2094 - - - -
4 1755 - 1755 - - 1755 2 1753
5 1853 1853 - 1853 - - 1853 -
6 4899 3905 994 4899 - - 4899 -
7 2415 2276 13¢ 2304 - 1] 2415 -
8 4340 1951 2489 3330 - 1110 440 -
9 5817 369 5448 1168 - 4649 5466 351
10 4340 1178 3162 A7t - 169 4340 -
i 3040 3040 - 3040 - - 3040 -
12 449 4496 - 4496 - - 449 -
12 12,100 £058 6042 8592 2329 1179 11,257 843t
14 5008 - 5008 144 - 4864 480 4528
15 4871 - 4871 - - 4871 - 4871
1 3665 - 3665 - - 3665 2353 1312
17 2004 - 2004 - - 2004 - 2004
TOTMS 76,016 33,308 42,628 44,755 2329 28,932 60,282 15,734

tapprozisately 150 people lie within the aguifer service area within this census tract, yet use other aguifers {primarily the
Renova Equilavent) for a water supply.

Source: U.S. Census, 1980, Census Tract Data, Missoula County, Montana

129



Total households
(thousands of households)

Fami'ly households

Married couples
One spouse absent

Nonfamily households

Single person
Unrelated individuals

Population in households
(thousands of persons)

-Average 'household size
(persons per household)

TABLE B-2

Households by Type

Missoula County

1980

27.6
18.9

16.1
2.8

8.7

6.2
2.5

2.7

1980-1986

1981

28.8
19.7

16.8
2.9

9.1

6.5
2.6

2.6

1982

28.8

19.8

16.8
3.0

9.0

6.5
2.6

2.6

1983

29.3

20.1

17.1
3.0

6.6
2.6

2.3

1984

29.7
20.5

17.4

3.1

9.2

6.7
2.5

76.4

2.5

Source: University of Montana, Bureau of Business and Economic Research (August 1987).

1985

30.2
21.0

17.8
3.2

9.2

6.8
2.5

2.5

1986

18.2
3.3

9.3

6.9
2.4

2.5

Notes: Totals may not add due to rounding. These estimates must be interpreted cautiously. Montana counties
are relatively small, and one or two events may have a significant impact on overall trends. Errors in data

compilation may also affect the reliability of these estimates. In general, the estimates for total

households are more reliable than the estimate for each type of household.
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Total personal income
Population(persons)
Per capita personal income (dollars)

Derivation of total personal income
Total labor income

Less: Social Security contributions
Plus: adjustment for residence
Equals: 1labor income by place of res.
Plus: dividends, interest, and rent
Plus: transfer payments
Labor income
Farm
Nonfarm
Ag. services, forestry, fisheries
Mining
Construction
Manufacturing

Transportation and public utilities
Wholesale trade
Retai) trade
Finance, insurance, and real estate
Services
Govarnment and government enterprises
Federal, civilian

Federal, military

State and local

TABLE B-3

Total Personal Income by Major Component
Missoula County
1977~-1984

(Thousands of Dollars)

1977 1978 1979 1980
445,738 616,353 679,476 622,363
71,000 72,200 74,100 76,700
6,281 7,149 7,821 8,117
361,296 426,245 471,710 494,628
23,119 27,533 32,117 34,193
-19,651 ~27,402 -33,383 -35,322
318,526 371,310 406,210 425,113
64,620 76,967 94,928 103,606
62,592 68,076 78,338 93,644
504 2,451 2,276 2,527
360,792 423,794 469,434 492,101
940 876 751 700
330 400 420 1,111
36,364 44,295 51,392 51,539
67,009 83,711 93,390 92,243
39,634 45,506 52,369 855,379
22,690 25,939 28,031 30,957
44,518 . 53,364 58,309 58, 267
17,122 20,908 22,306 23,203
§7,993 67,42 71,970 78,735
74,192 81, 36¢ 90,496 99,967
24,538 26,866 30,032 32,233
1,263 1,381 1,456 1,663

53,119 59,008

48,391 66,071

646,676
76,400
8,463

484,720

36,116
-32,060
416,544
124,239
105,893

2,628
482,095
1,618
1,001
27,645
95,357
55,557
32,147
59,654
18,726
83,811
105,879
34,656
1,609
69,314

685,624
75,200
9,114

496,239

37,447
-32,344
426,448
143,242
115,934

2,314
493,925
2,325

- 59
25,142
91,199
60,362
28,011
61,878
20,444
89,249
116,374
34,824
1,795
78,755

737,307
75,400

9,774

557,912

42,816
-36,976
478,120
135,129
124,058

2,068
555,844

2,833

1,007
35,223
108,448
59,263
28,650
68,513
23,212
106, 105
122,590
35,715

2,214
84,661

Source: U.S. Department of Commerce, Bureau of Economic Analysis, Regional Economic Information System.

Note:

(D) Not shown to avoid disclosure of confidential information.

(L) tess than $50,000. Estimates are included in totals,

April 1986
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Estimates are included in totals.

808,735
76,500
10,579

616,590
48,114
-40,302
528,174
150, 345
130,216

2,409
614,181
2,274
2,433
42,865
114,970
63,355
30,305
77,597
26,588
125,306
128,488
36,331
2,291
89,866



 APPENDIX C
" WATER USE AND PRODUCTION
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Use of drinking water In the Missoula basin may originate
from three distinct sources. The largest supplier of drinking
water Is Mountalin Water Co., a utillty providing water service to
an area roughly deflned by the city Ilimits of Missoula., MWC
‘serves a population of nearly 45,000 and In additlon has over
1300 commercial/industrial customers. Clark Fork Water Co.
represents a much smaller private water utllity providing service
to primarily reslidentlial customers. They serve an estimated
population of 2300. The remaining aqulifer service area is
reliant upon Individual wells or small community water systems
utilizing ground water from the Missoula Aquifer. The population
using this distinct source numbers about 13,000 and Includes
residences as well as commerclal and industrlal users.

The following production tables show MWC's production by
month and t+he number of customers for each year. Seasonal
fluctuations and annual variations In water productlion demon-
strate the variability of use related to climate. Prlor to 1983
these values expressed both ground water and Rattlesnake surface
water production. After July of 1983 the source Is entirely from
the Missoula Aquifer ground water supply.
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TABLE C~1
Mountain Water Co. Production

] i PRODUCTION. ~ CLIMATE & CUSTOMER COUNT COMPARISON
1972 , B L - B 1974 1975 .- ‘ 1976

_CUSTOMER
_COUNT __ . . 13986 : 14154 14413 14794 15373
: : , _AVG. ! __AVG. AVG., ! AVG. AVG.
{ PHODUCTION PRICIP. _TEMP. :PRODUCTION PRICIP. TEMP. !PRODUCTIO PRICIP.  TRMP. :PRODUCTION PRICIP. _ TEMP. :PRODUCTION PRICIP. _ TEMP. !
: : (x10(6)GAL) __(oF) _i(x10(6)GAL) (oF) _ i(x10(6)GAL) oF) _ i1(x10(6)GAL __(oF) i(x10(6)GAL) (oF) ¢
(JAN i 523.00 2.04 206! 693.79 0.44 21,6 : 618.48  2.07 2.2 ¢ 51053  2.03 227 : 532.09  0.90 28.0
{FEB i 586.95 1.82  28.1 ! 680.53 017  30.9: 620.15 0.68  31.9 ! 531.59 1.77 22.4 :  525.81 1.04 31.7 :
IMARCH i _ 667.11 1.62 ___40.6 i 611.31 0.23  39.0 : 660.91 1.26____35.4 ! 680.48  0.74 _ 33.0 : 479.29 _ 0.40 34.8 |
!APRIL __: _ 638.49 0.96 _ 42.6 ! 713.18 0.33  43.1 ! 640.48 0.6l 45.9 ; 729.67 1.01 _ 39.3 : 61550 0,94 46.3 :
IMAY {_ 691.38  0.69 . 54,2 : 88l.5) 0.54 _53.2: 694.96  0.44 _ 48.5 ! 698.14 1.3 49.2: 79831 ' 0.99  55.0 !
| JUNE i _928.3¢ . 1.37  62.0 : 942.32 1.57 60.0 : 867.08 1.3 65.0 ¢ 938.8B1  2.02  55.4 ! 1007.94 1.562  66.8 :
1 JULY t 979.32 0.64 64.9 : 1178.84 0.09  69.6: 863.45 1.03____68.1 : 981.08 1.61 __ _71.B: 1017.37 1.20 66.8 !
{AUGUST _: 1107.16 _ 0.24 _ 66.4 ! 1308.20 0.31 67.4 ! 883.50 1.8 . 65.1: 1043.92  2.03  62.1:! 92281 _ 0.8 _ 63.2 !
iSEPT L. 944.76 1.66 _ 51.4: 675.45  0.60 _56.5 : 668.83 _ 0.70 _ 67.1 ¢ 574.11 0.51 _ 56.1 ! 880,23 0.58  57.4
10cT i 679.38 0.78 _ 42.6 :  447.00 0.60 45.3: 564.98  0.25  46.3 i _527.3) 3.51 43.6 :  757.92 0.33 43.9 !
NV 645.70 0.41 33.6 { 454.82 __ 2.51  30.2 ! 495.12  0.50  34.7 ! 525.96 1.16 _ 30.4 i 689.71 0.22  32.3:
i DEC i 639,69 1.46 19.3 ¢ 582.65 1.62  30.3: 502.44 _ 0.68  27.8: 516.48 0.85 257 : 764.69  0.25 24.4 :
iTOTAL __} 8931.28 13.69  526.2 : 9169.60 9.0  547.0 : 7980.38  10.76 __ 547.0 : 8258.08  18.48  511.7 ! 8991.67 9.05  540.6 :
! 1764.13 0.75 _45.6: 665.03 _ 0.90 _ 45.6 : 688.17 1.54  42.6 : :

IAVERAGE  : 744.27 . 1.14 43.9 __749.31 0.75 45.1 .
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TABLE C-1 (cont'd)

PRODUCTION —~ CLIMATE & CUSTOMER COUNT COMPARISON

: 1977 1978 1979 1980 1981

{CUSTOMER

1 COUNT 15282 15688 15871 16207 16142

H : AVG. : ) AVG. ‘ : AVG. : AVG. A AVG. H
i +PRODUCTION PRICIP.  TEMP. :PRODUCTION PRICIP. TEMP. :PRODUCTIQUPRICIP. TEMP, [PRODUCTION PRICIP. TEMP. ‘PRODUCTION PRICIP. TEMP. .
! +(x10(6)GAL) {oF) 1 (x10(6)GAL) (oF) _ 1(x10(6)GAL) (oF) _ (x10(6)GAL) (oF)  i(x10(6)GAL) {oF) |
LJAN i 801.62 Q.66 18.6 ,‘: . 706.17 1.15 24.2 | 755.21 1.25 5.6 i 628.87 1.80 16.3 ! 540.71 0.16 29.5 |
AFEB i 811.47 0.18 31.9 ! 681.80 0.66 27.3 | 846.15 1.04 25.5 i _ 589.17 0.60 29.6 ! 509.42 0.77 31.4 !
+MARCH :__558.93 0.98  34.2: 675.09 0.67 39.8 ! 749.90 1.22 35.9 ¢ 615.63 0.88 34.6 | 576.08 1.43 _40.0 :
{APRIL i 637.16 0.08 46.9 | 720.23 1.08 46.1 : _709.91. 1.04 43.9 | 673.72 0.96 49.8 | 604.16 0.74 46.7 .
iMAY i 753.24 2.13 . 60.3 ! _ 652,12 1,98 48.3 | 759.48 0.74 52.2 + _726.92 7.38 54.7 ! _650.15 4.19 .63.4 !
L JUNE i 802.98 0.66 63.4 !  820.56 0.77 59.6 { 1011.04 0.67 62.3 | 626.89 2.04 68.6 : 582.49 2.70 57.5 |
AJULY i 1057.72 0.72 65.8 ¢ 853.90 0.57 65.3 : 1105.33 0.77 69.2 . _878.58 1.58 65.5 i 966.13 1.07 65.0 ;
‘AUGUST _ : 1125.66 1.28 67.6 ! 1074.44 1.11 63.5 : 1144.47 1.31 69.1 ! 992.64 0.62 61.8 ;: 1038.43 1.61 69.4 &
:SEPT i 866.80 1.67 54.6 | 710.05 1.78 65.1 ! 843.43 0.05 61.4 : 663.34 0.77 57.0 { 651.04 1.01 56.7 !
{OCT t 662.45 0.72 44.2 | 760.12 0.01 45.3 | 779.33 0.97 48.1 : _ 620.88 0.75 45.3 | 516.86 0.62 41.7 ;
iNOV i__653.04 1.02 31.3 | 684.28 1.00 26.7 : 640.04 0.50 27.2 1 _545.05 0.63 34.2 ¢ 303.19 1.07 32.7 ¢
:DEC 1 668,59 2.88 24.5 ! 632.40 0.99 16.9 | §90.32 0.81 31.2 | 564.06 1.34 30.5 : 446.71 1.98 24.0
{ TOTAL \_9399.66 12.98 533.3 | 8971.16 11.77 517.1 | 9934.61 10.37  531.6 ! _B125.65 19.35 537.9 | 7385.37 17.36 _ _548.0 .
{AVERAGE i  783.31 1.08 44.4 : _ 747.60 0.98 43.1 : B27.88 0.86 44.3 | 677.14 1.61 44.8 | _615.45 1.45 45.7
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TABLE C-1 (cont'd)

. PRODUCTION ~ CLIMATE & CUSTOMER COUNT COMPARISON

: 1982

) 1983 1984 _1g85 1986
| CUSTOMER . ‘
{ COUNT 16073 16100 16202 16238 16331
: : AVG. AVG. AVG. AVG. i ' AVG.
: ! PRODUCTION PRICIP. _TEMP. _!PRODUCTION PRICIP. _ TEMP. _:PRODUCTIO PRICIP.  ¥EMP. :PRODUCTION PRICIP. _TEMP. :PRODUCTION PRICIP. TEMP. _:
: __1(x10(6)GAL) (oF) __t(x10(6)GAL) (oF) _i(x10(6)GAL) (oF) __(x10(6)GAL) _(oF) __:(x10(6)GAL) (oF)
LIAN ; 605.57 - 2.07 21.2: 503.90 _ 0.62 _ 30.0: 693.35 086 254! 701.12 019  19.2 ; 656.18 _ 0.93 _ 26.0 :
{FEB : 62394 1.3  227: 44162 _ 0.95  34.5: 664.30 _ 0.44  32.1: 634.76 _ 0.70 _ 23.7 { 596.43  2.18  28.6 !
IMARCH _: 516.52  1.62  38.3: 476.51 _ 1.10  39.9: 707.97 _ 1.32  37.7: 71814 _ 0.44  36.2 : 673.77 __ 0.54 _ 4L.7;
MAPRIL _: 520.97 1.3 _41.6: 563.69 _ 0.72  44.6: 706.45 _ 2.04 _43.8: 739.89  0.55 _ 47.7 : 693.20  0.51  43.5 :
IMAY { 706.82 2,03  51.0: 735.18 _2.65 51.8: 753.22  2.02 493 : 988.28 1.67  55.4 i 867.58  1.69  54.3 !
(JUNE i 797.25 _1.83  63.0: 866.44 _ 2.26  58.6 : B41.B3 1,47  56.8! 1087.28  0.38 _ 62.0 ! 1115.93  2.66  65.5 !
JULY ¢ 777.81  0.94 64.6: 763.68 _2.44 _ 62.1 :1328.28  0.38  67.2: 1512.83  0.09  74.8: 1099.16  0.84  62.5 !
IAUGUST :  947.44 0,38  66.6: 889.69 _ 1.27 . 68.9 : 1124.75  1.47 _6B.4 : 859.17 320 2.2 ! 1254.51 _ 1.68 _ 69.5 :
iSEPT i 654.89  2.09 . 56.2 i 701.64  1.37  51.1: 776.35 _ 0.79  62.8: 690.13  3.60 . 50.5:  703.15 _ 3.54  53.0 :
10CT ! 52812 043 . 45.0 : 649.63 _ 0.37  43.8: 718.47  0.96 _ 42.5 648.45  0.80  40.3 : 651.67 _ 0.44 44.7
INOV i 455.4  0.37 _ 29.0; 608.70 _ 1.17 _ 34.3: 649.83 0.8  33.9: 621.48  0.51 _ 21.7: 58391  1.07  31.7:
{DEC i 512,19 107  22.7: 644.84 179 11.B: 691.90 066 201 : 544.43  0.38 147 : 68.14 050 _ 21.4 !
{TOTAL  : 7446.66 15.38 6210 i 7845.53 16.71  531.4 { 9662.50  13.30  630.0 : 9845.95 12.50  508.4 : 9485.42 16.58  542.4 !
IAVERAGE : 620.56  1.28  43.5: 653.79 _ 1.39  44.3 : 805.2) 1.1} 442 : 82050  1.04 _ 42.4 : 790.45 _ 1.38  45.2 :
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HE 1987

{ CUSTOMER

1 COUNT

: H AVG. i
H { PRODUCTION PRICIP. TEMP., @
H : (xlO(S)QLL) (oF) ¢
1 JAN +_ 598.37 0.28 20.5 !
: FEB ! 550.35 0.37 30.6 !
IMARCH ¢ 617.85  1.23  38.0 !
{APRIL i _ 683.71 0.41 50.1 @
iMAY i 821.28 1.31 5§5.9 !
1JUNR . B863.34 1.53 62.9 :
{JULY i 975.33 2.47 64.7 |
1AUGUST ¢ 952.31 1.05 62.2 !
| SEPT i 826.52 0.09 59.3 |
1OCT . H H
iNOV ! !
iDEC : i
{TOTAL {_6889.06 8.74 444.2 ¢
tAVERAGE !} 765.45 0.97 49.4 |

TABLE C-1 (cont'd)
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AFPENDIX D
MONTANA WATER QUALITY STANDARDS
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Water Quallty 16.20.616

GENERAL (1) Specific surface water quallity standards, along with
general provisions in ARM 16.20.631, protect the beneflcial water
uses set forth In the water-use descriptions for the following
classlifications of water.

(2) Standards for organisms of the collform group are based
on a minimum of five samples obtalned during separate 24-hour
periods during any consecutive 30-day period analyzed by the most
probable number or equivalent membrane filter methods.(History:
Sec. 75-5-301 MCA; |MP, Sec. 75-5-301 MCA; Eff. 12/31/72; AMD,
11/4/73; AMD, Eff. 9/5/74; AMD, 1980 MAR p. 2252, Eff. 8/1/80.)

16.20,616 A-CLOSED CLASSIFICATION (1) Waters classified
A-Closed are suitable for drinking, culinary and food processing
purposes after simple disinfection.

(2) Publlic access and activities such as llvestock grazing
and timber harvest are to be controlled by the utlility owner
under conditlions prescribed and orders Issued by the department.

(3) For waters classified A-Closed the following specific
water qualilty standards shall not be violated by any person:

(a) The geometric mean number of organisms in the collform
group must not exceed 50 per 100 milliliters.

(b) Dissolved oxygen criteria are not appliicable for the
classification.

(c) No change from natural pH is allowed.

(d) No increase above naturally occurring turbidity Is
allowed.

(e) No Increase above naturally occurring water temperature
Is allowed. :

(f) No Increases are allowed above naturally occurring
concentrations of sediment, settleable soilds, olls, or floating
sollds, which will or are llkely to create a nuisance or render
the waters harmful, detrimental, or Injuriocus to public health,
recreation, safety, welfare, |ivestock, wild animals, birds,
fish, or other wildllfe.

(g) No Increase In true color Is allowed.

(h) No Increases In toxic or other deleterious substances,
pesticldes, or organic or Inorganic materials, Including heavy
metals, above naturally occurring concentrations, are allowed.

(1) No iIncrease In radioactivity above natural background
levels Is allowed. (History: Sec. 75-5-301 MCA; |MP, Sec. 75-
5-301 MCA; Eff. 12/31/72; AMD, Eff. 11/4/73; AMD, Eff. 9/5/74;
AMD, 1980 MAR p. 2252, Eff. 8/1/80.)

ADMINISTRATIVE RULES OF MONTANA 9/30/80 16-949
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16.20.618 B-1 CLASSIFICATION (1) Waters classified B-1
are suitable for drinking, cullinary and food processing purposes
after conventional treatment; bathing, swimming, and recreation;
growth and propagation of salmonid fishes and assoclated aquatic
l1fe, waterfowl, and furbearers; and agriculture and Industrial
water supply.

(2) For waters classifled B~1, the following specific water
quality standards shall not be violated by any person:

" (a) During perlods when the dally maximum water temperature
Is greater than 60° F, the geometric mean number. of organisms In
the fecal collform group must not exceed 200 per 100 millilliters,
nor are 10 percent of the total samples during any 30-day perlod
to exceed 400 fecal coliforms per 100 milliliters.

~ (b) Dissolved oxygen concentration must not be reduced
below 7.0 mililgrams per |iter. :

(c) Induced variation of hydrogen lon concentration (pH)
within the range of 6.5 to 8.5 must be less than 0.5 pH unit.
Natural pH outside this range must be malntalned without change.
Natural pH above 7.0 must be maintalned above 7.0.

(d) The maximum allowable increase above naturally
occurring turbidity is 5 nephelometric turbidity units except as
permitted in ARM 16.20.633.

(e) A 1° F maximum Increase above naturally occurring water
temperature Is allowed within the range of 32° F to 65° F; within
the naturally occurring range of 66° F to 66.5° F, no discharge
Is allowed which will cause the water temperature to exceed 67°
F; and where naturally occurring water temperature is 66.5° F or
greater, the maximum allowable increase Iin water temperature Is
0.5° F. A 2° F per hour maximum decrease below naturally
occurring water temperature Is allowed when the water temperature
Is above 55° F, and a 2° F maximum decrease below naturally
occurring water temperature is allowed within the range of 55° F
to 32° F. This applles to all waters In the state classified B-1
except for the Prickly Pear Creek from McClellan Creek to the
Montana Highway No. 433 crossing where a 2° F maximum Increase
above naturally occurring water temperature is allowed within the
range of 32° F +o 65° F; within the naturally occurring range of
65° F to 66.5° F, no discharge Is allowed which will cause the
water temperature to exceed 67° F; and where the naturally
occurring water temperature Is 66.5° F or greater, the maximum
allowable Increase In water temperature Is 0.5° F.

(f) No Increases are allowed above naturally occurring
concentrations of sediment, settleable solids, oils, or floatling
sollds, which will or are Ilkely to create a nuilsance or render
the waters harmful, detrimental, or Injurious to publlic health,
recreation, safety, welfare, |ivestock, wild animals, birds,.

- fish, or other wildllife.

(g) True color must not be Increased more than 5 units

above naturally occurring color.

ADMINISTRATIVE RULES OF MONTANA 12/31/84 16-952
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(h) Concentrations of toxic or other deleterious substances
which would remain in the water after conventional water
treatment must not exceed the maximum contaminant levels set
forth in the 1975 National Interim Primary Drinking Water
Standards (40 CFR Part 141) or subsequent revislons or the 1979
Natlonal Secondary Drinking Water Standards (40 CFR Part 143) or
subsequent revisions. The maximum allowable concentrations of
toxlcs or deleterlous substances also must not exceed acute or
chronic problem levels as revealed by bloassay or other methods.
The values Ilsted In EPA Water Quality Criteria documents
(Federal Register Vol. 45, No. 231, Frliday, November 28, 1980,
pages 79318 - 79379) shall be used as a guide to determine
problem levels uniess local conditions make these values
Inappropriate. In accordance with sectlons 75-5-306(1), MCA, I+
Is not necessary that wastes be treated to a purer condition than
the natural condition of the recelving water,

(3) The board hereby adopts and incorporates by reference
"EPA Water Quality Criteria documents (Federal Reglister Vol. 45,
No. 231, Friday, November 28, 1980, pages 79318 - 79379)", which
set forth water quallty criteria for toxic and other deleterlious
substances. Copies of thlis document may be obtained from the
Water Quality Bureau, Department of Health and Environmental
- Sclences, Cogswell Bullding, Capital Station, Helena, Montana,
58620. (History: Sec. 75-5-301 MCA; IMP, Sec. 75-5-301 MCA;
Eff. 12/31/72; AMD, Eff. 11/4/73; AMD, Eff. 9/5/74; AMD, 1980
MAR p. 2252, Eff. 8/1/80; AMD, 1982 MAR p. 1746, Eff. 10/1/82;
AMD, 1984 MAR p. 1802, Eff. 12/14/84.)

ADMINISTRATIVE RULES OF MONTANA 12/31/84 16-952
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APPENDIX E
WATER QUALITY DATA
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The following table deplicts the water quallty of the
groundwater system currently belng used as a municipal water

supply.
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Source

Bitterroot @
" BeClay’s Brdg
13N 208§ 26chd
¢lark Fork &
Shuf fields

" 13N 20M 24aad
¢lark Fork @
Above STP
13N 19 18dda
glark Fork @
8lo Hilltoun
138 184 18¢he
Blackfoot @

- lIS6S Gage Sta
13N 17¥ 9bdd

Source
Rattlesnake Cr.

Grant Creek

Butler Creek

0’Brien Creek

Pattee Creek

Hiller Creek

Date Ca

12/10/86
3/9/87
5/4/67

12/10/86
3/9/87
5/19/87

12/10/86
3/9/87
5/19/37
12/10/86
319187
5/19/87
12/10/86

3/9/67
5/19/87

Date
8/9/78

8/28/78
6/21/78

1/23/78
5/17/18
1/23/78
11/23(77

1/16/78
4/16/78

B8/10/78

APPENDIX E

SURFACE WATER QUALITY

Hg

-
[ Ny

13.8
11.0
7.1

13.9
11.2

9 7.1

14.3
11.7
7.7

13.8
10.8
8.0

8.0
1.7

8.3

HCo3

92.7
69.5
4.5

164.7
129.3
98.8

164.7
128.1
9.9

168.4
130.5

103.7

172
122.3
103.7

KIX]

0.0

0.0
6.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
6.0
0.0

5.2
136.9
6

173.0

3.0
31.8

123.5

Po4

(001 .
.012
012

037
879
A5

807
049
507

014
.038
003
(.001

033
.002

904

5.7

Hoj+
NO2
.08
1
.05
.06

3
(.01

.06
12
(.61
.08
.10
(.01
.0

04
(.01

cl

0.4
0.1
0.5
0.3
0.4
0.3
0.5

3.4
3.2

0.6

o~ o

pH  Temp

C
0.2
4.0
10.7

0.0

2«

K03
0.022

0.013
0.010

0.037
-0.020
0.06
0.006

0.009
0.076

0.063

Hard Alk TS5 Cu
72 76 1.0 (.0
s6 57 10.3 .01
24 34 13.6 (.01
183 135 5.0 (.01
147 106 32.4 .01
8 81 6.5 (.01
184 135 5.3 .01
151 105 34.3 .01
89 81 - (0
187 138 12.5 .02
157 107 28.3 .02
9%5 85 5.4 (.01
15¢ 141 1.9 (.01
124 106 1208 ¢.01
93 85 65 (.0
P0s SI0z  Ca
0.026 6.9 3.4
0.018 7.8 3.6
0.017 3.9 2.2
0.009 120 2.8
0.014 104 168
0.0l8 13.2 3.7
0.011 145 20.0
0.078 255 7.2
0.121 160 4.4
0.042 163 21.1

P

.005
026
022

.048

14

030

.014
.10
016

022 .

.097

817 .

.004

78 .

o1

2.4
15.1

2.3

16.3

4.8
3.2

1.1

(.1
1
.3

4
5
.2

(.1

.
PIRRr

(.1

(.1

Note: All values in milligrams/liter (mg/1) except for pH (standard units) and tesperature (centigrade units)

Source:

Water Quality Bureau, Helena, Montana
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As in Amp. VS5
as N
(.001 (.005 (.0 0.6
(001 005 (.01 2.5
{.001 ¢.005 (.01 1.3
L0085 013 .2 13
006 033 .86 5.6
001 .0if .03 1.6
005 017 .62
006 040 .23
001 029 (.01
- 006 .01 .02 2.0
006 .042 .04 52
002 .007 (.01 1.4
.001  (.005 (.01 6.
.00 806 .10 3.3
(.001 (.005 (.01 1.3
Na 4 105
1.4 0.4 37.8
1.2 0.4 42.4
0.8 0.4 46.1
2.4 0.5 76.5
4.2 0.8 1834
1.8 6.5 38.1
3.9 1.5 2433
6.0 1.9 1669
5.9 2.2 7.1
3.3 1.4  186.7



APPENDIX F ,
METHODS FOR DEVELOPING COSTS FOR ALTERNATIVES
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Numerous sources have been utlilized to develop an estimate
of costs Involved in providing an alternative water supply to the
Missoula area. Gerald Lukasik, professional englineer from
Mountain Water Co., has been helpful ln‘provldlng many of the
numbers concerning water treatment costs and water distribution
costs. Reports by Sanderson, Stewart, and Gaston Englineering has
helped support the cost estimates, along with the EPA publica-
tions "Estimating Water Treatment Costs" (EPA 600/2-79-162a) and
"Managing Small Water Systems: A Cosf~$+udy" (EPA 600/2-79?147a).
Steve Fry, project manager Painted Rocks Reservoir (MDNRC), and
Patrick White, englineer James Montgomery Englneering, have
contributed to the preparation‘of cost estimates. Comparlisons
were made, when posstble,'foAproJecfs that possess similar
characteristics to developing a water supply for the Missoula
area. '

The economlic feaslblllfy'of a project Is determined by the
breaking point of 0.6% of the average.household income. If
annual costs exceed fhls‘breéklng point, the project will be
deemed economically infeasible. Conversely, 1f costs for a
proposed project falls below that value It will be conslidered a
plausible alternative to the existing supply. Breaking point
costs are expressed In two ways: total annual costs of proposed
project, and unit costs of 1000 gallons of dellvered water.

AVERAGE HOUSEHOLD INCOME, MISSOULA COUNTY $ 26,447.50

0.6% OF AVE HOUSEHOLD INCOME - $ 158.69
HOUSEHOLDS IN AQUIFER SERVICE AREA x 24,113 Homes

" BREAKING POINT ANNUAL COSTS/PROJECT " $3,826,339.67

If a proposed project were to provide the exlisting demand for
water, an average of 30 mgpd or 10,950 million gallons annually
would be requlired. ‘ ' ‘

DEMAND AQUIFER SERVICE AREA 10,950,000 thous gals
BREAKING POINT UNIT COSTS ' $0.3494/1000 gals -
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Project costs are subdivided Into capltal fnvestment costs
and annual operating costs. Since capital costs are typically
long range Investments, an annualization factor of 0.1 was
applied to develop annual payments of those costs. |

Methods for providing ésflmafes for Individual components of
a new water supply are outlined below. Included In Table F-1
are cost estimates of water production for Rattlesnake Creek
prepared by Gerald Lukasik, MWC engineer.

ADMINISTRATIVE COSTS :

MWC currently provides service to 7594 of the Missoula
basin's population. |f another sounce of drinking water Is
required to replace the current ground water source it is assumed
administration of the system would fall Into MWC's hands. MWC's
total operational costs for 1986 was $3.2 million with $30,000
" being devoted to capital Improvements on the well system.
Operational and malntenance costs (0&M) of the well system was
$686,735. The remalning $2,483,265 covers administration,
management, customer service, etc. for the company and entire
water system.

MWC 1986 OPERATIONAL COSTS $3,200,000

CAPITAL IMPROVEMENTS $ 30,000
O&M WELL FIELD $ 686,735
TOTAL ADMINISTRATIVE & MANAGEMENT COSTS $2,483,265

The cost Is applied to all potentlal development schemes to
account for management and administration of the water utliity.
Expanding fhe‘ufillfy's distribution sys+em may Incur greater
operational costs but these increases are not reflected in the
estimates presented.

DISTRIBUTION IMPROVEMENTS '
A good:porflon of the Missoula baslin lack water transmisslon

lines, as reslidents and buslinesses rely upon their own wells for
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providing drinking water. The provision of an alternative supply
to the ground water would require extensive development of a
distribution system to the unconnected areas of the basin. The
new system would conslist of an array of water distribution lines
of varled sizes. Gerald Lukaslik, MWC, developed a value for
estimating the cost by figuring an average size of water main,
eight inches, and estimating 150 feet of malin would be required
per household. Considering an average cost of $6000/household
for the 5279 households in the unconnected areas of the basin,
total caplital costs for The'projecf would equal $31,674,000.

AVE. WATER MAIN DIAMETER | 8 In

AVE. LENGTH OF WATER MAIN/HOUSEHOLD 150 f+
TYP. COST INSTALLATION 8" MAIN $40/ f+
AVE. COST/HOUSEHOLD $6000/Household
UNCONNECTED HOUSEHOLDS 5279 Households

_CAPITAL [INVESTMENTS DISTRIBUTION SYSTEM $ 31,674;000

WELL FIELD DEVELOPMENT

Construction of an auxiliary well fleld would require the
drilling of new wells, the provision of electricity +o‘*he slte
to handle pumping, and the construction of a franémlsslon IIne to
the Missoula area. The costs of developfng these factors will
depend upon geologic and sité-condlflons. For thils report
previous well development In the MIissoula aquifer wlll be
compared to potential development In the Blitterroot Valiey. The
Stone Container Corp. has recently completed development of 18"
diameter wells with the capaclty of pumping 2000 gpm. Approxi-
mate costs for developing a single wel! was $200,000, Including
the ﬁrovlsion of electricity to the site. It Is assumed that
development costs for a well in the Blitterroot Valley would be
similar.,

A slte south of Lolo, MT would require approximately twelve
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miles of malin to be constructed to bring the water Into the
Missoula area. Gerald Lukasik has estimated the cost of laying a
30" main Is $100/ft. Numerous variables, such as the number of
pumping statlions, geologic conditions, and right of way agree-
ments may cause this value to fluctuate, but is assumed to
approximate real costs.

MISSOULA AREA WATER DEMAND 11 billlon gals/yr

PEAK DAILY DEMAND 50 milllon gals/day

NUMBER WELLS TO MEET DEMAND (@ 2000 gpm) 18 wells

WELL DEVELOPMENT COSTS (2000 gpm) $ 200,000/wel !

18 WELLS AT BITTERROOT SITE $ 3,600,000

30" MAIN EMPLACEMENT $ 100/f%

12 MILES OR 63,360 FEET $ 6,336,000
RESERVOIR DEVELOPMENT

Construction costs of a reservolr will vary considerably

.depending upon the site. Other assoclated costs Include struc-
ture repiacemenf and proximity of approprliate construction
material. An accurate estimate of reservoir development In an
0'Brilen Creek site would require a thorough investigation of
conditions and obstacles to development. However, comparisons
may be made to similar studies performed in the area. The Big
Hole River dralnage of southwestern Montana has been studled for
reservolr development to augment Irrigation water suppllies. The
Montana Department of Natural Resources and Conservation has
studlied several sites for reservolr development. The costs of
developing a reservoir with the capacity of delivering between
25,000 to 35,000 acre-feet annually ranges from $27 to $109 per
acre foot (af). The average cost Is § 59/af and Includes total
annual project costs for repayment, operatlion, and maintenance of
the project In 1980 dollars. |f this value were to hold for an
O'Brien Creek site annual costs for a 30,000 af reservolr would
reach $ 1,770,000.

WATER TREATMENT
Gerald Lukasik has estimated the costs for constructing a 50
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mgpd conventional water treatment plant to be $0.30/gallon of
daily designed capacity. Patrick White, an engineer with James
Montgomery Engineers, has provided a simllar comparison of
treatment plant construction costs. He has estimated the costs
to range from $0.22 to $0.40/gallon (average $0.32/gallon) for
the dally designed capaclity. Figures taken from "Estimating
Water Treatment Costs"™ provides a similar value but for a smaller
capacity plant. For a 40 mgpd conventlional water treatment
plant, total construction costs are expected to run $0.26/gallon.
however this value may be low because It represents 1978 dollafs.

For the purposes of this report a value of $0.30/gallon of
daily designed capacity will be used for construction estimates.
Total costs are expected to be $15,000,000.

Operational and maintenance (0&M) costs for water treatment
will vary consliderably depending upon the type of treatment
required and chemicals used. This report uses 0&8M costs derived
from a 40 mgpd conventional treatment piant described In "Estima-
ting Water Treatment Costs". Annual costs for labor, electri-
city, fuel, malintenance material, and chemlicals Is estimated to
be $876,440. A plant desligned for the Missoula area would have
an increased capaclity of 50 mgpd. A factor of 1.25 was multi-
plied to 0&M costs for the 40 mgpd plant to approximate the
increased capacity. Annual O&M costs for such a plant Is
expected to be $1,095,550. _

- This value may be adjusted in two ways. Since the source Is
using 1978 dollars actual costs may be much higher. And econom-
iles of scale may prove the multiplication factor to be slightly
less than as expressed on a |finear scale. It Is doubtful these
two factors may cancel each other but nelther are considered In
the estimate.

CAPITAL CONSTRUCTION COSTS ($0.30/gal) $15,000,000
ANNUALIZED CAPITAL (0.1 factor) $ 1,500,000
TREATMENT 0&M $ 1,095,550
TOTAL ANNUAL COSTS ' $ 2,595,550
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APPENDIX G
SUMMARY OF CENOZOIC GEOLOGY
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Four signiflcant sfraTlgraphlc subdivislons are present in
the Missoula Valley. They include the pre-Renova equivalent, the
Renova equlivalent, the Sixmile Creek equivalent and Quaternary
lake silts, loess and allu?lal gravels. The first three are
separated by major unconformities.
| The pre-Renova equivalent rests unconformably on pre-basin .
rocks near the faulted-boundaries of the Missoula and Bitterroot
.basins. Fields (1981) fogged conglomerates In well MB=-2 near
Alberton, Montana drilled for the U.S. Department of Energy,

A In this well, conglomerate underiies the Renova
equlvaien* and appears to intertounge with basal Renova. Flelds
(1981) interprets the conglomerate facies as repeated mudflows
and fanglomerates derived from the adjacent fault-bounded
uplands. From comparison of other Department of Energy wells
located near basln centers, he concludes that the formation Is
limited to basin margins.

The Renova Fonma+fonAequlva|enf unconformably overlies pre-
basin rocks or the pre~Repova Formation. It has én overalljfine-
grained aspect. |t was deposited between |late Eocene and middle
early Miocene times. Kuenzl and Flelds (1091) define the Renova
as belng greater than 70% fine gralned and/or less than 30%
‘coarse grained of which conglomerate is a minor component.

Fields and others (1985) divide the Renova into two parts. The
lower part characteristically has devitrified volcaniclastics,
abundant lacustrine deposits and minor amounts of locally derived
coarse clastlics, arkose and alr-fall ash. The lacustrine
sediments Include organic=-rich, freshwater ashy shales and marls.
Locally, coal ls'abundanf. In addition, fossi! plant remains of
riparian follage Including alder and willow, and upland tree
needles of Metasquola are found (Wehrenberg, 1983). The upper
~part Is dominated by large quantities of ash and mud. Within the
montmorillonlite mudstones and volcaniclastics scattered lenses of
coarse c1as¢lcs,'arkose‘and-conglomerate occur. Fossil floras
are rare (Flelds and others, 1985). In the Jefferson basin
Kuenzl and Flelds report up to 3500 feet of Renova sediments.
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In the Missoula basin the Renova equivalent is
Iintermlittently exposed on the basin flanks and recorded in
Department of Energy well MB-4 (Figure 17). In the O0'Keefe Creek
valley a rallroad cut exposes the lower to middle part of the
Renova. Expanded smectite clays with a "popcorn texture", seams
of lignite, siltstones, mudstones and arkosic sandstones are
present. Feldspars and micas in the sandstones indicate that the
Bitterroot Dome to the south was breached by Olligocene time.
Carbonized leaves and needles are well preserved in the
mudstones. |In Coal Creek canyon north of 1-90 and the city of
Missoula sanlitary landfill, a 7 foot coal seam was mined until
World wdr Il. Fields (1981) states that the lignite represents
an Oligocene age based on coinclident occurrence with fossil flora
at O'Keefe Creek. The coal seam and an up-section layer of tuff
dip north 20. The Department of Energy drill hole Is located 2
miles north of 1-90 -and east of Butler Creek road (NW SE NE Sec.
24, T.14N, R.20W). Fields (1981) reports the Renova equivalent
occurring from 90 to 2700 feet. It Iﬁcludes carbonaceous
siitstone and mudstone with numerous seams of |ignite, arkosic
sandstone, and poorly sorted pea gravel and cobble conglomerate.
From 2800 to 2907 feet (total dep+h) a tectonic breccia Is
recorded. It is an angular breccia derived from Belt Supergroup
rocks. Filelds (1981) interprets It as fault gouge from the |ow
| angle normal Clark Fork Fault 3/4 of a mile north.

The Renova equivalent was deposited In an Internally dralined
basin with a semiarid climate. Throughgoing dralhages were
inadequate to remove the high rate of sediment production.
Volcanic ash was provided by local sources such as the Lolo Hot
Springs volcanic center (Werhenberg, 1983) and the middle
Tertiary Cascade rhyollte volcanic zone. Tremendous quantities
of ash were concentrated by sheet floods running off surrounding
uplands (Flelds, 1985). Thompson and others (1982) state that
the ash, and sediments produced from the highlands, were reworked
by heavily loaded streams with bralded channels. |In additlion,
(Flelds, 1981) reports that the environmental setting also
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included alluvial fan, playa, floodplaln, overbank and coal swamp
depositional sites.

The Sixmile Creek equivalent is separated from the Renova
equivalent by an angular unconformity. It Is a coarse clastic
unit deposited between early middle Mliocene
(Hemingfordian/Barstovian boundary) and latest Mlocene
(Hemphilllan) times (Thompson and others, 1982). The clastics
were derlived iocally from developing fault=-block mountalns.
Kuenzl and Fields (1971) describe the Sixmile Creek Formation In
the Jefferson basin as having conglomerate as a major component
on basin margins and centers. In the Missoula basin the Sixmile
Creek equivalent Is poorly exposed.

The Sixmile Creek equivalent In the Missoula basin Is
partially exposed In road cuts. It is not recorded in the
Department of Energy wells In the Missoula basin, but Is llkely
"fdentified in wells MB-8, MB-9 and MB-12 on the east side of the
Bitterroot basin (Fields, 1981). Water well logs record
consplicuous amounts of "sand and gravel" which may represent
Sixmile Creek sediments. A road cut on Upper Miller Creek road
2.6 miltes south of US 93 exposes the formation. [t Is a poorly
consolidated unit of cobbles and pebbles set in a sandy matrix.
The clastics are about 90% Belt Supergroup quartzlites and
siltites and 10% Bltterroot Dom granites. The medium to fine
"gralned sand Is subangular and Is composed of approximately 10%
mica, 60% quartz and 30% feldspars. Some thin silty sand layers
are also present. '

Department of Energy +e§f wells In the Bitterroot basin
record the probable occurrence of the Sixmlle Creek equivalent
(Filelds, 1981). An Interval from 30 to 1200 feet In well MB-8
near Three Mlile Creek Is dominated by poorly consollidated pebble
conglomerate and sandstone, with minor amounts of claystone and
siltstone. The maximum clast size Is 8 cm and the fine grained
sand is angular to rounded. Flelds (1981) interprets the
deposi tal se++lng as a stream channel -- pdinf bar sequence with
slough and occaslional overbank deposition. The Interval is

154



similar In llthologic character to local members of the Sixmile
‘Creek Formation east of the Continental Divide and In the
Drummond=-Flint Creek Valley. Well MB-9 near Upper Three Mile
Creek has an 80 foot Interval similar In |ithology to the MB-8
interval. Fields (1981) interprets an identical depositional
setting possibly deposited by the ancestral Bitterroot River.
Well MB-11 at Hamilton Bridge records 2,416 feet of sediment with
no significant |lthologlic changes. Arkosic sands and ground-up
granitic chips dominate the cuttings. Fields (1981) states that
probably the entire thickness represents bralded stream A
deposition of the ancestral Bitterroot River. He provides three
possible deslgnations to the interval: 1) Pleistocene gravels
related to glaclal outwash, 2) the Sixmile Creek equivalent In
entirety, or 3) the ground=-up granite floor of the Bitterroot
Valley.

From the Department of Energy well logs, infrequent local
outcrops and information from other Western Montana basins,
several Sixmile Creek depositional environments are recognized.
In the Missoula basin sediments of the Sixmlile Creek equivalent
accumulated in an undrained basin. The climate was arid and
sediment was transported across desert plaln surfaces. Lbcally,
a remnant pediment In the South Hills area represents a sediment
transport surface probably active In Sixmile Creek time.

Thompson and others (1982) generalize the Sixmile Creek Formation
as Including fanglomerates, and evaporites and |Imestones that
appear to be playa deposits. Flelds and others (1985) state that
the deposlitional environment Included alluvial fans, mudflows,
debris flows and ephemeral stream deposits. Sediments designated
as probably Sixmile Creek in the Bltterroot basin record
deposition from braided streams and stream channel =-- point bar
sequences. |t Is most likely that all these environments were
involved in deposition of the Sixmiie Creek Formation equivalent.

The Quaternary Perlod in the Missoula basin was greatly
influenced by Pleistocene glaciation. Shoreline traces on Mounts
Sentinel and Jumbo, lacustrine silts, and erratics on Water Works
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erosional features in Eastern Washington (Werhenberg, 1983).
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sediments In the valleys.

Glacial Lake Missoula lacustrine deposits are well exposed
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DEPOSITIONAL HISTORY |
The Tertiary paleoclimate 1s documented in the types and

patterns of sedimentation.

The basin=-fl11l

deposition was a

result of a reglonally consistent arid to semiarid climate.

Basin fllling was Initiated by Increasing climatic arlidlty.
Throughgoing drainages were defeated and sediment accumuiated.
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in turn leads to high rates of sediment production.

during higher rainfall

However,

Intervals, protective vegetation Is

~established in mountalnous regions, and an integrated dralnage

net Instigates sediment evacuation.

In the Missoula basin and other Tertiary basins of Western
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Montana and Eastern Idaho, reglfonal unconformities bound the
Renova and Sixmile Creek Formations. These eplsodes are
Interpreted to represent the lower [Imit of time of change from
dfy basin-fllling regimes to relatively wetter basin-evacuating
regimes (Thompson and others, 1982). |In an analysls of over 200
Tertiary sediment samples, Thompson and others (1982) report
strong correlations between climate and clay mineralogy. Arlid
climates produce smectite-rich solls, whereas wet climates
produce kaollnite-rich soils. The paleosoils underlying the two
unconformlitles are kaolinite=rich and appear to be laterite
soils. The red laterite paleosoll may be exposed along |-90
north of Missoula. The clay mineralogy of both the Renova and
Sixmile Creek Formations is exclusively smectite (Thompson and
ofheré,-1982). This evidence suggests Tertiary basin filling
during aridity, or semiaridity, and evacuation during wetter
climatic regimes. ’

The Missoula basin was delineated by Paleocene to Eocene
Laramide Intra-arc extenslion. The basin was shallow and
development was progressive. Reglonal and local igneous activity
provided ash=-fall tuffs which choked drainages (Flelds and
others, 1985). Along the fault-bounded flanks of the basin
coarse clastics accumulated (Flields, 1981). The climate was
relatively wet and warm,

In fate Eocene tIme a major change in climatic conditions
occurred. This relatively arid cycle Instigated Intermittent
deposition of the Renova Formation equivalent. At least 3000 énd
up to 13,000 feet of sediment was deposited (McMurtrey et al.,
1965). In-Middle Eocene through Early Oligocene times the basin
raplidly subslided and abundant volcanic ash clogged through-.
flowing streams (Fields and others, 1985). Lacustrine and
paludal condltions produced coal swamps which are recorded as
lignite on the northeast side of the basin. By late Early
Oligocene time internal drainage was firmly established. Air-
borne ash, probably from the Cascade volcanic zone, was reworked
by sheet-wash, mudflows and braided streams. From Early to Late
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Oli1gocene ash=-rich sediments were deposited In fluvial,
lacustrine and paludal environments (Fields and others, 1985).
In Early Mlocene. aridity Increased and desert-llke geologlic
processes dominated. ‘Evenfually, the mountains surrounding the
basin filled the basin with thelr debris, '

In early Miocene a dramatic climatic shift produced wetter
conditions (Thompson and others, 1982). External dralnage was
Iniftiated as the basins filled with water. Splliways connected
the Missoula basin with the Bitterroot and the Drummond-Flint
Creek basins. Renewed extensional faulting and folding t11ted
the Renova equivalent sediments (Fields and others, 1985). Vast
quantities of the sediment were removed from the basin. The
sediments remalning were deeply dissected and a "bad lands"

topography existed. Although not defined in the Department of

Energy wells, a red laterite paleosoil likely developed on the
new topography. By the close of this 1 to 5 million year
Interval, the Missoula basin took on Its modern appearance.

About 17 milllon years ago aridity agaln prevalled. Thls
arid cycle lasted through Late Miocene time (Thompson and others,
1982). External drainage was defeated due to high sediment
production rates from the sparsely vegetated basin. The former
topography was buried by gravels and sands and large bajadas
extended basinward from the valley flanks. Torrential surface
runoff sent mudflows and sheet floods across the modified
tfopography. High ephemeral stream gradients from continued
uplift of the surrounding fault-block mountains carried and
redeposited coarse sediments (Fields and others, 1985). The
Missoula basin gradually filled, perhaps to the base of the
hanging valleys on Mount Sentinel where gravel deposits are still|
present.

In latest Miocene -- Plliocene time the climatic pattern
changed from dry to wet (Thompson and others, 1982). The
Missoula basin was partially filled with coarse sediments and
probably had a desert-llke Iandscape. Renewed faulting uplifted

adjacent ranges and precipitation increased, at least partially,
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due to the orographic Influence (Flelds and others, 1985)., The
Increased precipitation again filled the basin and adjoining

basins with water which eventually reestablished external
drainage. Late Pllocene (?) lowering of the base level at
Alberton Narrows was accompanied by sediment removal (McMurfrey
and others, 1965). Sediment was removed from, and transported
through, the Missoula basin. The fault-line scarp on Mounts
Sentinel and Jumbo was exhumed. Pedimentation was extensive and
a pediment Is partially preserved today in the South Hills area.

In the Quaternary Perlod multiple glacial and interglacial
-perlods produced alternating wet and dry climatic conditions. In
wet perlods the CFR carried iarge volumes of melt water. It
carved Its way into the former topography. Glacial Lake Missoula
Inundated the basin at least 36 times and deposited silts, Ice-
rafted erratics and a thin mantle of shoreline sediments. The
"lake probably only occupied the Individual shorelines for several
months. The Clark Fork River continued to remove and redeposit
sediment transported through the basin. The coarse Pleistocene
gravels are Indistinguishable from Sixmile Creek equivalent
gravels. Lacustrine silts were eroded from the basin center.
Continued lowerling of the river's base level produced two terrace
surfaces. McMurtrey and others (1965) report that approximately
300 feet of alluvium was deposited In the Quaternary Per[od.
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HYDROLOGIC PROPERT|ES OF THE AQUIFER
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Hydraulic properties of Unit One were derived from the
permeameter and sieve data. The result of the permeameter
exberlmenf provided the only measured value of porosity availlable
for the Missoula Aquifer. |In addition, It supplied values for
speciflc yield, specific retention and hydraulic conductivity.
The measured values are: 19.7% for porosity, 11.5% for specific
yield, 8.2% for specific refgnf}on, and an average hydraulic
conductivity of 10,370 gpd/ffz. |

The sieve analyses were Intended to provide K values for the
vadose zone, Unit One, possibly Unit Three and the river bed.
Saturated hydraulic conductivity values computed with Siichter's
(1899) method and Terzaghi's (1925) method vary over 2 orders of
magnitude (Clark, 1986).

K values from sieve data
(x 10° gpd/ft?)

Method #1 #2 #3 #4
Slichter 3.57 51.52 114.34 65.53
Terzaghi 0.03 0.03 1.79 0.03

- The mean and effective grain dlameters of samples varled
from 400 to 800% which accounts for the large differences In
calculated values between methods. An éverage K value for fthe
four samples computed with both methods is 2,953,710 gpd/ffz.

Grimestad (1977) reported hydraullc conductiv]ty values of
10,250 gpd/ff2 for the surficlial gravel which corresponds to Unit
One. He also calculated a specific yleld of 0.2 to 0.35.

Hydraulic propertlies of Unit Two were interpreted from
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incomplete aqulfer test data found on drillers's logs. Morgan
(1986) reported specific capacity data from a small number of
welis finished In what he interpreted as the finer middle unit.
He reported an average value of 7 gpm/ft. Using estimating
techniques described by Driscoll (1986), a representative
transmissivity for the unlt would be about 10,500 gpd/ft. The
hydraullc conductivity would then be approximately 260 gpd/f_'l'2
based on an average thickness of 40 ft. Grimestad (1977)
reported a hydraullic conducflvlfy of 150 gpd/f+24for sediments
interpreted as Unit Two.

Unit Three hydraulic properties were obtalned from analysls
6f drillers's reports and aquifer testing. The properties of
Unit One were also evaluated and compared to hydraulic properties
derived for Unit Three. Transmissivity estimates based on well
log speciflic capacity data were performed (Walfon; 1970).
Transmissivity values range from 52 to 4,149,000 gpd/ft for
domestic wells and average 365,600 gpd/ff. Values for municlpal
wells range from 48,000 to 9,752,000 gpd/ft and average 1,710,000
gpd/ft. An average value of transmissivity for both municipail and
domestic wells Is 750,000 gpd/ff. Hydraulic conductivity values
for municipal wells range from 520 to 113,400 gpd/ff2 and average
25,500 gpd/ffz. " Values for domestic wells range from 1 to 27,700
gpd/f+2 and average 4,100 gpd/ffz. The average value for both
municipal and domestic wells Is 10,300 gpd/ft+2.

Morgan (1986) reported speciflic capaclity data for over 50
wells and found an average speciflc capacity value of 240 for
Unit Three wells. Estimation of K and T from these data ylelds a
range of K between 3,600 and 7,200.gpd/f1"2 and a T of 360,000
gpd/f+ (Driscoll, 1986). | ‘

The distribution of K and T values were evaluated for the
Missoula area. The only pattern which appeared to emerge [s that
the western portion of the sfudy area has lower values. Data
could be Interpreted to show hydraullc conductivity and to
southwest towards the central portion of the valley to be up to
an order of magnitude higher than In other portions of the
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valley. _

Hydraullc conductivity and transmissivity values generated
from perforated aquifer intervals with known aquifer thickness,
cable tool driiling methods, and pumping tests of at least four
hours are assumed to provide the most accurate results.
Transmissivity values from municipal wells (MWC) fit these
criteria best and average 1,710,000 gpd/ft with and an average
hydraulic conductivity of 25,500 gpd/f+2.

This iInterpretation of the.data describing the properties of
Unit Three correlates well with previous work. McMurtrey and
others (1965) determined transmissivity (T) values from specific
capaclity tests which vary from 17,800 to 1,000,000 gpd/ft. From
an aqulifer Teéf at a well south of the Clark Fork River in the
north central part of the study area they calculated a T value of
620,000 gpd/ft. Grimestad (1977) reported a K range of 3,400 to
16,660 gpd/ff2 for the coarse sand and gravel at depth at his
study area. He also reported that McMurtrey and others (1965)
reported the transmissivity for two wells producing water from
that unit to range from 77,000 to 125,000 gpd/ft. An aquifer
test by Geldon (1979) prqvlded a T value of 699,927 gpd/ft.
Hydrometrics (1984) attempted an aquifer test on MWC-34 near the
Clark Fork River and concluded that transmissivity ranged from
250,000 to 1,000,000 gpd/ft. From 19 aqulfer tests Geldon
(1979) reports an average K value of 680 ft/d. In the same test
series he determined specific capacity values ranging from 3 to
3,000 gpm/ft. McMurtrey and others (1965) assumed a porosity
value (n) of 0.40 and a specific yleld (SY) of 0.10. Geldon
(1979) found time-dependent SY values from aquifer tests. They
ranged from 0.11 to 0.35.
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